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> Special Article Series: Diagnostic Imaging € 


Progress and Current State of Coronary CT 


Masahiro Jinzaki, MD,’ Yutaka Tanami, MD,' Minoru Yamada, MS,” and Sachio Kuribayashi, MD’ 


_ The recent appearance of multislice computed tomography (CT) has enabled noninvasive imaging of the 


coronary artery. Particularly, the appearance of 64-row CT has rapidly promoted its spread into routine medi- 
cal practice. In this report, progress and current state of coronary CT employing multislice CT are outlined. 


APPEARANCE AND PROGRESS OF 
MULTISLICE CT 


mporal, spatial, and contrast resolutions are essen- 
tial factors that help us determine the quality of 
computed tomography (CT) images. To visualize the cor- 
onary arteries composed of rapidly moving small sized 
vessels, all these resolutions should be high. There had 
been many attempts to observe the coronary artery by 
helical CT, but both temporal and spatial resolutions were 
insufficient, and the attempts were rather investigative. 
The ultra-fast CT was anticipated very much, but contrast 
resolution was insufficient. The progressive development 
of multislice CT enabled the clinical application of coro- 
nary CT, to which the following 3 advancements contrib- 
uted to 1) an increase in the number of detector rows, 2) 
an increase in the speed of gantry rotation, and 3) the devel 
opment of an image reconstruction method exclusive for 
the heart. 


1) Increase in the number of detector rows 
Conventional] helical CT was capable of acquiring 
only one image per rotation. The acquisition of several 
images per rotation was achieved by increasing the num- 
ber of detector rows in the axial direction in multislice 
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CT, which simultaneously realized an increased speed 
(improvement of temporal resolution) and acquisition of 
thin slices Gmprovement of spatial resolution). In 1998, 
4-slice CT capable of simultaneously acquiring data from 
4 slices appeared, and it could acquire J—1.25-mm slices 
of the heart in 40 seconds. Sixteen-slice CT, capable of 
acquiring 0.5—0.625-mm slices of the heart in 20 sec- 
onds, appeared in 2002, and 64-slice CT, capable of 
acquiring 0.5—0.625-mm slices in 5-7 seconds, appeared 
in 2004. | 


2) Increased speed of gantry rotation 

Faster gantry rotation is necessary to increase the tem- 
poral resolution of coronary CT. The gantry rotation 
speed of conventional helical CT was 1 second, but CT 
with a speed of 0.8 seconds appeared in 1996. The speed 
was improved to 0.5 seconds in 2001 in which 16-slice 
CT appeared, and a speed of 0.35 seconds (temporal res- 
olution: 175 msec) was realized in 2004. 


3) Development and progress of an image reconstruc- 
tion method exclusive for the heart _ 

Electrocardiographic gating is necessary to image the 
heart because it constantly beats. There are 2 methods to 
perform an electrocardiography-gated scan in multislice 
CT: 1) prospective gating, in which radiation is emitted 
only in a specific cardiac phase beforehand, and 2) retro- 
spective gating, in which electrocardiographic and imag- 
ing information is simultaneously collected, and data on 
the target cardiac phase is extracted and reconstructed 
into an image, 

On extraction of the target cardiac phase in retrospec- 
tive gating, when the heart rate is 65 bpm or less and the 
R-R interval is long, an image can be prepared from data 
of a single heartbeat by collating with, for example, the 
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Fig. 1 Electrocardiographic gating. 





Fig. 2 CT image of single coronary artery. 
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The right coronary artery branched from the left coronary cusp. 


CT, computed tomography 


mid-diastolic phase (Fig. 1). However, when the heart 
rate is high, the R-R interval is short, if an image is 
reconstructed from data of a single heartbeat, resulting in 
poor image quality, for which a method to reconstruct an 
image by extracting and combining data of the same 
phase from several consecutive heartbeats was developed. 
This method is called multi-sector reconstruction (the 
name differs among manufacturers). This method 
increased temporal resolution and facilitated application 
for cases with a high heart rate. 


CURRENT STATE AND PROBLEMS OF CORO- 
NARY ARTERIAL EXAMINATION EMPLOYING 64- 
ROW CT 


Current coronary CT is capable of providing informa- 
tion concerning the anatomical distribution of the coro- 
nary artery, diagnosis of coronary arterial stenosis, and 


coronary arterial wall evaluation. 

Of these, the most firmly established usefulness is 
exhibited in identifying the anatomical distribution of the 
coronary arteries. Reportedly, abnormal origins of the 
coronary artery, single coronary artery, and coronary 
arteriovenous fistula are accurately visualized, compared 
to angiography (Fig. 2).'° It is very useful to perform 
percutaneus coronary intervention (PCI) if information 
on the abnormal origin of the coronary artery is avail- 
able beforehand. 

The diagnostic performance of the detection of coro- 
nary arterial stenosis is very high: both the sensitivity 
and specificity of 64-detector CT were between 90% and 
95%, and the accuracy of detecting negativity was 
reported to be close to 100% (Table 1, Fig. 3) ® Thus, 
64-detector CT has been employed to detect coronary 
arterial stenosis in patients suspected of having ischemic 
heart disease. For the analysis of stenosis, a new image 
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Coronary CT Angiography 


Table 1 Diagnostic performance of 64-slice CT for the detection of significant coronary stenosis (>50% ) 








Per-segment N 











Sensitivity (%) 
Leschka et al 67 94 
Leber et al 55 76 
Raff et al 70 86 
Mollet et al 5] 99 
Ropers et al 8 | 93 
Schuijf et al 60 85 
Ong et al 134 82 
Ehara et al 69 90 
Nikolaou et al 712 82 
Weustink et al 77 95 
Leber et al 88 94 
Total 824 89 


Schroeder et al. Eur Heart J 2008: 29: 531-56.” 

















Specificity (%) PPV (%) NPV (%) 
97 Q7 99 
97 75 97 
95 66 98 
25 76 99 
4 56 100 
98 g? 99 
96 19 96 
Fi 89 95 
95 69 97 
95 wo 99 
99 g] 99 


96 78 98 





N, number; PPV, positive predictive value; NPV, negative predictive value 





Fig. 3 CT image of coronary arterial stenosis. 


a) Curved MPR, b) Cross-sectional view: An eccentric plaque is present 


at the site marked with an arrow. 


CT, computed tomography; MPR, multiplanar reconstruction 


display method to display the Cistribution of lesions in a 
single image, an angiographic view, has been developed 
and effectively used for explaining the severity of disease 
to patients and designing treatment plans (Fig. 4).”” 

To consider the treatment policy and prognosis of 
ischemic heart disease patients, we judge the presence or 
absence of myocardial infarction as being more impor- 
tant that that of coronary artery stenosis. It was reported 
that abnormal perfusion was present on single-photon 
emission computed tomography (SPECT) in only about 
half of patients in whom significant stenosis was 
observed on coronary CT.” In che deferral of percutane- 
ous coronary intervention (DEFER) study, a pressure 
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wire was inserted into intermediate stenosis lesions in 
which the significance of stenosis was unclear on coro- 
nary angiography. The fractional flow reserve (FFR), 
representing the functional severity of coronary stenosis, 
was calculated from the intracoronary pressure measure- 
ment, and the outcome of PCI was investigated. This 
study revealed that the FFR value is important for the 
outcome of PCI, rather than the degree of stenosis.” 
Although the diagnostic performance of coronary CT for 
the detection of morphological stenosis is high compared 
to coronary angiography, it does not necessarily predict 
functionally significant stenosis, i.e., ischemia. Evaluation 
of myocardial perfusion by loading a drug (adenosine 
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Fig. 4 





a) Angiographic view, b) Coronary angiography. 


Significant stenosis is observed in the right proximal coronary artery, 


showing a similar view to that on coronary angiography. 


triphosphate (ATP) or adenosine) and myocardial stain- 
ing in the early phase has recently become possible, and 
this CT perfusion has recently been investigated." '” 

As differences between myocardial blood flow infor- 
mation and morphological information of the coronary 
artery have been clarified, CT/SPECT fusion images 
have been increasingly used, in which evaluations of cor- 
onary arterial stenosis and the myocardial blood flow 
reserve estimated by SPECT were integrated (Fig. 5).'* 
Myocardial SPECT is capable of collecting functional 
information, such as myocardial blood flow and metabo- 
lism, and extensive evidence concerning the diagnosis, 
judgment of treatment, prognosis, and course observation 
of ischemic heart disease has been accumulated. CT/ 
SPECT fusion images share advantages of morphological 
and functional images, which is useful for the investiga- 
tion of ischemic regions, evaluation of myocardial isch- 
emia in each coronary arterial branch, and identification 
of the responsible blood vessel. 

It was expected that CT provides information for cero- 
nary arterial wall evaluation, surpassing that provided by 
coronary angiography. The coronary arterial wall is eval- 
uated based on the plaque properties and volume. 
Regarding the diagnosis of plaque properties, a study on 
comparison with intravascular ultrasound (IVUS) 
reported that CT values of 50 HU or lower and 50-120 
HU indicated the dominance of lipids and fiber, respec- 
tively, and 120 or HU indicated calcification,” 
generated much expectation. However, the CT value of 


which 


plaques varied due to the influence of the concentration 
in the coronary arterial lumen,'°’ and the prediction of 
unstable plaques based on the CT values became consid- 
ered difficult. Later, a study reported that the risk of 
acute coronary syndrome (ACS) is high when the plaque 
is accompanied by all of the following 3 factors: a CT 
value of 30 HU or lower (low-density plaque), positive 
remodeling, and spotty calcification.” A prospective 
study on whether or not the CT values of plaques serve 
as a predictor of vascular events is currently underway, 
and the results are anticipated. Regarding plaque volume 
evaluation, data showing a relatively strong correlation 
with IVUS have been reported,"” but further improve- 
ment of the accuracy may be necessary. 

Problems of 64-slice CT are as follows: 1) poor image 
quality possibly from motion artifacts in patients with 
arrhythmia and a high heart rate, 2) incomplete presenta- 
tion of the vascular lumen for the evaluation of stenosis 
when artifacts of calcification are present in many 
severely calcified lesions, 3) insufficient accuracy for 
routine use because of overestimated or underestimated 
plaque volumes,” 4) dependence of CT values of plaques 
on those of the vascular lumens for diagnosing plaque 
properties, and 5) difficulty in the evaluation of stent 
lumen less than 3mm due to artifact. Coronary CT may 
be less useful than conventional coronary angiography 
for follow-up after PCT because the evaluation of thin 
stents is difficult. The improvement of spatial and tem- 
poral resolutions is expected to overcome these problems. 
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Fig.5 CT/SPECT fusion image. 
SPECT images (a) were fused with cardiac CT images (b) to display a 3-dimensional image (c). 


Coronary CT Angiography 





The proximal circumflex branch shows 99% stenosis (c: white arrow), and reduced perfusion 


(—) in its distributed region can be readily perceived. 


CT, computed tomography; SPECT, single-photon emission computed tomography 


POSITIONING OF CORONARY CT IN THE GUIDE- 
LINES 


There are several guidelines for the application of cor- 
onary CT. In Western countries, guidelines have been 
prepared since around 2006, and the clinical efficacy and 
validity of indications of cardiac CT and magnetic reso- 


, 19-22 


nance (MR) have been discussed.” ~~” The guidelines 
for cardiac CT prepared by the Asian Society of Cardio- 
vascular Imaging were established to correspond to the 
state in Asia.” The Society of Cardiovascular Computed 
Tomography prepared guidelines concerning the test 
method and interpretation of images of cardiac CT, 
which did not include the indication or efficacy. * 

In Japan, the Japan Circulation Society published the 
2007-2008 joint study group report ‘Guidelines concern- 
ing noninvasive diagnostic methods of coronary arterial 
lesions’ in 2009,” which contain most integrative con- 
tents, reviewing the following test methods and discuss- 
ing their positions in the evaluation of coronary arterial 
lesions: |) resting electrocardiography, 2) exercise electro- 
cardiography, 3) echocardiography, 4), nuclear medical 
test of the heart, 5) coronary CT, and 6) cardiac MR. The 
positioning of coronary CT with regard to stable angina 
pectoris, acute coronary syndrome, and follow-up of PCI 
in these guidelines is introduced below. 
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1) Cases suspected to be stable angina pectoris 

When patients with chest pain are first examined, the 
absence of unstable angina pectoris should be confirmed 
from the clinical symptoms. The possibility of coronary 
arterial disease is then assumed based on age, gender, and 
symptoms (Duke Database), and a decision on the diag- 
nostic policy should be made. When the risk of coronary 
arterial disease is low, course observation is sufficient. 
When the risk is high, coronary angiography is applied. 
In cases other than these, noninvasive tests are performed, 
for which exercise electrocardiography is recommended 
because it is simple and cost-effective, and exercise toler- 
ability and the prognosis can also be evaluated. Patients 
are Classified into low-, intermediate-, and high-risk 
groups based on the findings (Fig. 6-1). When the patient 
cannot perform exercise or electrocardiographic diagno- 
sis is impossible, cardiac CT or myocardial perfusion 
scintigraphy is directly performed (Fig. 6-2). 

In the high-risk group, the possibility of having a coro- 
nary arterial disease is high, and it is difficult to rule out, 
even if no significant stenosis is detected by coronary 
CT. Thus, coronary angiography is immediately per- 
formed in many cases. Coronary CT may be useful to 
predict the no-reflow phenomenon and applicability of 
PCI in some cases even though they are being classified 
into the high-risk group.” ™ For the low-risk group, the 
necessity of coronary CT is low because the prevalence 
of coronary arterial disease is low. 
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Estimation of probability of 
CAD before tests 












Possible a impossible, 


“go to Fig. 6-2 below 


Stratification of risk by the Duke score 


Not met 


‘ig. 6-1 Diagnostic tree of stable angina pectoris: When exercise is possible (for explanation, refer to 


the text). 
Cited from Circulation Journal Vol.73. Supple. 1E. 2009, 1091-114. 


Not met 


Fig. 6-2 Diagnostic tree of stable angina pectoris: When exercise is not possible (for explanation, refer 


to the text). 
Cited from Circulation Journal Vol.73. Supple. HI, 2009, 1091-114. 


*l; Asymptomatic patients 
strongly suspected of having 
coronary arterial disease 
based on electro- and 
echocardiography findings 
are included. 

*2: Desirable facility conditions 
for prioritizing coronary CT 

- Sufficient experience 

- Equipped with a 64-row or 
higher model MDCT 

- Operation of an appropriate 
reporting system of clear im- 
ages 

- Evaluation of CT character- 
istics based on comparison 
with CAG 

- Coping with an exposure- 
reducing protocol 

*3: Patient conditions to ap- 
ply coronary CT 

- Consideration of exposure 
is necessary for females 
younger than 50 years of age 
- Marked coronary arterial 
calcification is not expected 
(dialysis and elderly patients) 
- A serum creatinine level 
lower than 2.0 mg/dL 

- EGFR higher than 60 mL/ 
min/1.73 m 

- The absence of nephropathy 
including microalbumin urea 
in diabetic patients 

- The absence of allergy to 
contrast media 

- The absence of asthma 

Fa: 

- Exercise loads are desirable. 
- The summed stress score is 
determined employing the 
17- or 20-segment method. 
4: 

- Caution is necessary for 
contraindicated drugs. 

- Stress echo or stress perfu- 
sion MRI depending on the 
facility 

*6: Facility requirements to 
perform coronary CT 

- Sufficient experience 

- Equipped with a 64-row or 
higher model MDCT 

* Difficult judgment 

- Difficulty in making a judg- 
ment due to severe calcifica- 
tion and motion artifact 

- Borderline stenosis and 
stenosis of a thin peripheral 
branch 

CT, computed tomography; 
MDCT, multidetector-row 
CT; CAG, coronary angiog- 
raphy: CAD, coronary artery 
disease: MRI, magnetic reso- 
nance imaging system 
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For the intermediate-risk group or when judgment is 
impossible, myocardial perfusion scintigraphy or coro- 
nary CT is selected in consideration of the facility (such 
as sufficient experience in cardiac CT) and patient (such 
as iodine allergy and renal function) conditions. Since 
NVP of cardiac CT is high, when no significant stenosis 
is observed on cardiac CT, coronary arterial disease can 
be mostly ruled‘out, showing that coronary CT is suffi- 
ciently useful to examine this group. When coronary CT 
findings are normal, the probability of the presence of 
coronary arterial lesions is low, and course observation is 
sufficient. In contrast, when judgment by coronary CT is 
difficult (due to severe calcification and motion artifacts) 
or when a lesion indicating significant stenosis is present, 
it is important to investigate ischemia employing myocar- 
dial perfusion scintigraphy. Invasive coronary angi- 
ography is performed when severe ischemia requiring 
revascularization is predicted from the stenosis lesion. 


2) Cases suspected to be acute coronary syndrome 
Several studies reported a high diagnostic perfor- 
mance of 64-slice CT for acute coronary syndrome.”™ 
The risk of acute coronary syndrome is stratified with 
clinical findings including the age and gender, past medi- 
cal history, new electrocardiographic changes, and blood 
chemistry (myocardiopathy markers, such as troponin). 
When the risk, i.e., the possibility of acute myocardial 
infarction, is judged to be high, these patients are first 
admitted to the intensive care unit, the performed coro- 
nary angiography and revascularization. For intermedi- 
ate- and low-risk groups and cases in which acute coro- 
nary syndrome cannot be definitely diagnosed because 
of the absence of electrocardiographic and blood test 
abnormalities on admission, coronary CT early after 
arriving at the hospital has become considered useful for 
the early diagnosis or diagnosis by exclusion of acute 
coronary syndrome, by which invasive coronary angiog- 
raphy can be avoided. It is controversial for the low-risk 
group, but many physicians consider that coronary CT is 
useful for reliably ruling out acute coronary syndrome, 
Invasive reperfusion therapy was established as acute- 
phase treatment of ST-segment elevated acute myocardial 
infarction, for which a rapid, accurate diagnosis is neces- 
sary, and not much time should be devoted to noninva- 
sive imaging diagnosis. Coronary CT is not used as a rule 
because the decrease is definitely diagnosed by electro- 
cardiography and echocardiography, followed by coro- 


nary angiography. 
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3) Follow-up after PCI 

In Japan, coronary angiography is habitually per- 
formed 0.5—1 year after PCI at many facilities. The main 
purposes are 1) evaluation of the coronary arterial lumen 
at the treated site, and 2) evaluation of patency of the 
coronary artery stent. 

Although there has been no report on the diagnostic 
CT results for coronary arterial lumens at sites treated 
with POBA, DCA, and rotablator, it may be appropriate 
to consider that the diagnostic performance of CT for 
these sites is similar to that for conventional significant 
coronary arterial stenosis lesions because no device is left 
in the site after treatment employing these techniques. 
Evaluation of rotablator-treated sites may be difficult due 
to residual calcification, even after treatment. 

Generally, the stent lumen can be evaluated by coro- 
nary CT when the stent diameter is 3 mm or larger, but 
the appearance varies depending on the stent type and 
material, and various artifacts are likely to appear on CT 
of pulsating thin metal stents. In a study employing 
64-slice CT, the lumen could be evaluated in about 60% 
of stents, and the sensitivity and specificity in the group 
in which the lumen could be evaluated were 86 and 98%, 
respectively.” Evaluation was possible in 85% of stents 
with a diameter of 3 mm or larger, but only 26% of stents 
with a diameter smaller than 3 mm, for which CT is not 
indicated.” Therefore, at present, the evaluation of stent 
patency by CT is limited. 


4) Evaluation of bypass graft and its anastomosed site 
CT is relatively useful for evaluation after coronary 
artery bypass grafting (Fig. 7). Evaluation items after 
grafting include graft patency and the presence or absence 
of stenosis of anastomosed sites and stenosis lesions in the 
native artery. In a meta-analysis of graft evaluations, the 
diagnostic sensitivity and specificity of occluded lesions 
were 97.6% and 98.5%, respectively, and evaluation was 
possible in 96% of grafts, while those of stenosis lesions 
were 88.7% and 97.4%, respectively, and evaluation was 
possible in 88% of grafts.» In another meta-analysis, in 
which exclusion criteria was not set, the diagnostic perfor- 
mance of detecting graft patency (occlusion and stenosis) 
in 78%-100% of grafts were sensitivity, 97.6%; specificity, 
96.7%; positive prediction rate, 92.7%; and negative pre- 
diction rate, 98.9%. These reports indicate that 64-slice 
CT is a useful modality for diagnosis of the patency of 
anastomosed regions entirely covering the graft. 
Regarding evaluation of the native artery by CT, svale 
uation of the distal anastomosed site is difficult due to 
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Fig. 7 CT images after CABG. 


a) Volume-rendering image after CABG, b) Curved MPR image of RITA-LAD, c) Curved MPR image of a = 


LITA-4AV-4PD, d) Curved MPR image of GEA-4PD: 
No stenosis or occlusion is present in any bypass. 


LIAL RAY 


CABG, coronary artery bypass graft; RITA-LAD. right internal thoracic artery-left anterior descending cor- 
onary artery; GEA-4PD, gastroepiploic artery-4 pesterior descending artery 


the presence of a thin diameter in many cases. Moreever, 
many cases with complex lesions for which PCI is unsuc- 
cessful, complicating diabetes, multivessel lesions, and 
advanced atherosclerosis are included in CABG-treated 
cases, and these conditions make evaluation difficult. 
Ropers et al. reported that 9% of segments could not be 
evaluated, and the sensitivity and specificity were 86% 


and 76%, respectively, as the diagnostic performance for 


detecting significant stenosis lesions in the evaluable seg- 


37) 
ment cases. 


TRANSITION FROM COMPETITION FOR IN- 
CREASING THE NUMBER OF DETECTOR Rows 
TO RADIATION DOSE REDUCTION 


After the appearance of 64-slice CT, competition for 


increasing the number of detector rows came to an end, 
and manufacturers began to compete to develop expo- 
sure-reducing techniques. Consciousness of exposure 


reduction is important. In addition to making efforts to 
avoid unnecessary tests, exposure in clinically significant 
tests should also be minimized. The exposure level in 
chest CT employed for conventional lung screening (non- 
electrocardiography-gated high-pitch helical scan) is 
about 7 mSv, whereas the attenuation level in cardiac CT 
employing the standard cardiac helical method (low-pitch 
electrocardiography-gated helical scan) reaches 13-15 
mSv in men and 18-21 mSv in women.” These are 
higher than in cardiac catheterization (3—6 mSv). The 
risk of X-ray attenuation-induced carcinogenesis in the 
mammary gland and lung is not negligible at these levels, 
and it is particularly problematic for young women, for 
which a dose-reducing acquisition method was developed 
(Fig. 8). 

A method to reduce the radiation dose in systole, 
called ECG modulation, was initially developed (Fig. 
8b). ” In this method, the systolic-phase radiation dose 
was decrease to about 20% compared with that of the 
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Fig. 8 Exposure-reducing acquisition methods. a 
a) Standard helical scan ees 
b) ECG modulation b 


€) Snap-Shot method 


diastolic-phase, because the systolic phase data is not 
usually used; therefore, the dose of exposure was reduced 
by about 40%-59%, Later, a method involving X-ray 
irradiation only in mid-diastolic phase and data collec- 
tion by repeating the axial scan (SnapShot Pulse method) 
was developed (Fig. 8c). The SnapShot Pulse method 
reduced the dose to about 1/3—1/4 because there is no 
irradiation in the cardiac phase excluding mid-diastolic 
phase.*” Application of this method is difficult for cases 
with a 70-bpm or higher heart rate, but stable, marked 
reduction of exposure is possible when the heart rate is 
70-bpm or less. The active application of these methods 
by reducing the heart rate through the B-blocker admin- 
istration is recommended. 

In addition, a method called Adaptive Statistical Itera- 
tive Reconstruction (name varies between manufacturers) 
applying the concept of successive approximations has 
recently been developed, further promoting exposure 
reduction.”” 


POST-64-SLICE GENERATION CT 


After 2006, post-64-slice generation CT appeared, 
such as 320-row CT (Aquilion One, Toshiba), 256-row 
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CT (Brilliance iCT, Philips), dual source CT (SOMA- 
TOM Definition, Siemens), and Gemstone CT (Discovery 
CT 750HD, GE). These aimed at increasing temporal and 
spatial resolutions; however, the new technique dual 
energy CT has now been introduced. 


1) Increase in temporal resolution and shortening of 
acquisition time 

Toshiba and Philips further increased the number of 
detector rows, but there was no extension of the previous 
attempt to increase the number of detector rows, and they 
were differently positioned, called area detector CT, to 
image the heart on a single rotation without helical 
acquisition. It is applicable for patients with arrhythmia 
and a high heart rate because the acquisition time is 
short, attracting attention. Since the entire heart is simul- 
taneously imaged, it may be useful for CT perfusion. 
Toshiba performed an international joint study on CT 
perfusion, named Core 320, using Aquilion One. Bril- 
liance iCT of Philips realized high-speed rotation (0.27 
seconds) by adopting the air-bearing method. 

Siemens achieved 83-msec temporal resolution by 
equipping 2 tubes with a rotation speed of 330 msec 
(SOMATOM Definition). A model with an increased 
rotation speed (280 msec) and temporal resolution (75 
msec) has also been marketed (SOMATOM Definition 
Flash). In this model, the table movement speed was 
increased 12—30 times, and 2 pairs of X-ray tubes and 
detectors simultaneously collect data in 2 spiral tracks, 
through which high-pitch (pitch: 3.2) acquisition is possi- 
ble. The entire heart is imaged within about 0.25 seconds, 
facilitating scan time and exposure reduction. 


2) IMPROVEMENT OF SPATIAL RESOLUTION 
The width of detector rows in the axial direction is 0.5— 


0.6 mm in current models of CT. Discovery CT 750HD, 
marketed by GE last year, is equipped with detectors in 
which the molecular structure of garnet was adopted for 
the scintillator. The response to X-rays was increased 100 
times and afterglow was reduced to 1/4 in this garnet detec- 
tor (Gemstone) compared to the previous detector. Using 
this detector, we can sample high-speed data, and, subse- 
quently, the number of views can be increased to about 2.5 
times of that on previous 64-row CT. The spatial resolution 
of the XY planes increases as the number of views 
increases. In our study, spatial resolution was increased by 
about 30%, and the diagnostic performance for stents with 
a 3-mm or smaller diameter was improved (Fig. 9). 
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Fig. 9 CT image of a stent with a diameter smaller 
than 3 mm. 
Curved MPR image, CAG image. 
a) The stent is imaged using a large number 


of views, and patency of the 2.5-3-mm 
stent lumen can be observed. 
b) Patency was confirmed by CAG. 
CT, computed tomography, MPR, multipla- 
nar reconstruction; CAG, coronary angiogra- 
phy 


3) Dual energy CT 

In the dual energy method, images are acquired at 2 
tube voltages (for example, 80 and 140 kV), not at the 
standard single tube voltage (for example, 120 kV). The 
CT value of substances varies depending on the tube 
voltage, and the rate of CT value change between the 2 
tube voltages varies among substances. When CT value 
data at 2 tube voltages are available, the discrimination 
of substances, for example, iodine and calcification. is 
possible. Using the dual energy method, the separation of 
calcium (calcified plaque) from iodine (vascular lumen) 
is theoretically possible in blood vessels with difficulty in 
evaluating the stenosis rate due to severe calcification.” 
If the stenosis rate of severely calcified lesions could be 
accurately determined employing the dual energy 
method, it would be very useful, leading to expansion of 
the indication of cardiac CT. 

At present, dual source CT (Siemens) and garnet 
detector CT (GE) are capable of dual energy scanning, 
but only dual source CT is capable of electrocardio- 
graphic gating. It may be equipped with garnet detector 
CT (GE) in the coming year. 


CONCLUSION 


The progress of CT was outlined from the appear- 
ance of multislice CT, through to competition to 
increase the number of detector rows, dose reduction, 
and post 64-slice CT. We expect further progress in the 
reconstruction method, development of detectors, and 
reduction of exposure, facilitating that evaluation of 
diverse functions. 
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Prophylactic Implantation of Inferior Vena Cava Filter during 
Endovascular Therapies for Deep Venous Thrombosis of the 
Lower Extremities 


Takuji Yamagami, MD, PhD and Tsunehiko Nishimura, MD, PhD 


Patients with deep venous thrombosis (DVT) of the lower extremities have an increased risk of pulmonary 
emboli and post-thrombotic syndrome. Traditionally, they are treated medicinally, with anticoagulation 
therapy. Currently, endovascular therapies, with their higher efficiency, have replaced previously attempted 
systemic fibrinolytic therapies. There is a continuing controversy in the temporary use of filters in the Inferior 
vena cava during these endovascular therapies, which may include catheter-directed thrombolysis, manual 
aspiration, mechanical thrombectomy, percutaneous transluminal angioplasty and placement of self- 
expandable metallic stents. Here, we present an overview of the literature and analysis on the application 
of prophylactic implantation of an inferior vena cava filter during endovascular therapy for DVT of the 


lower extremities. 


Key words: embolism, pulmonary, endovascular therapies, extremities, thrombosis, vena cava, filters 


INTRODUCTION 


e initial symptoms of deep venous thrombosis 
(DVT) in the lower extremities may be quite severe,” 
and, additionally, there is a substantial risk of pulmonary 
embolism in patients with DVT}? Moreover, when DVTs 
remain, there is the possibility of delayed complications, 
including the spectrum of debilitating symptoms referred 
to as post-thrombotic syndrome.” Therefore, treatment of 
DVT is necessary. Traditionally, therapy for DVT has 
consisted in systemic IV administration of heparin.” 
Other options have been systemic IV administration of 
fibrinolytic agents such as urokinase or streptokinase.” 
Recombinant tissue plasminogen activator has gained at- 
tention as an effective fibrinolytic agent.® ” Systemic 
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thrombolysis is more effective than heparinization but 
less effective than catheter-directed thrombolysis. Catheter- 
directed thrombolysis, an endovascular therapy, has be- 
come a widely accepted treatment for DVT.*?”” For im- 
proving the quality of treatment for DVT, other endovas- 
cular procedures: manual aspiration of the thrombus,” 
mechanical thrombectomy," *” percutaneous transluminal 
angioplasty® °° and self-expandable metallic stent place- 
ment* © are sometimes used in combination with 
catheter-directed thrombolysis. 

Theoretically, a thrombus released from the DVT during 
catheter-directed thrombolysis could move to the pulmo- 
nary artery, resulting in pulmonary thromboembolism. 
DVT and pulmonary thromboembolism comprise venous 
thromboembolism (VTE). Then, implantation of inferior 
vena cava filters has been applied prophylactically to pre- 
vent such an occurrence.” However, this is considered 
to be unnecessary by some," with the result that this 
procedure is very controversial.” >"? This article 
presents an overview of the literature regarding the appli- 
cation of prophylactic implantation of an inferior vena 
cava filter during endovascular therapy for DVT of the 
lower extremities. We also present our conclusions drawn 
through examination of the literature on this topic. 
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TYPE OF FILTERS 


There are 3 types of filters: permanent, temporary or 
optional. When only short-term protection is requmred, 
ideally, a permanent inferior vena cava filter would not 
be placed, particularly if a long life 1s expected for the 
patient, considering the demerits of permanent filter 
implantation with high frequency of recurrence of DVT.” 
Thus, a temporary vena cava filter has been widely ased 
for this purpose.”” *” However, paralleling the increased 
use of temporary vena cava filters, complications have 
been described that were mainly associated with their 
structure, in that part of the device projects from the 
insertion site.“ 7” Some of these complications were seri- 
ous, and included infection where the device protruded 
from the insertion site,” air embolism through a detec- 
tive sheath,” worsening of proximal thrombosis along 
the attached catheter, ™ and migration of the filter into 
the pulmonary artery.’ Moreover, temporary filters 
must be replaced by permanent filters” when the maxi- 
mal implantation period is reached before successful 
completion of therapy for DVT. Because of the above- 
mentioned complications and problems with temporary 
vena cava filters, the use of an optional vena cava filter 
that could be implanted without an attached catheter or 
guide-wire would be advantageous. If necessary, this filter 
could also serve as a permanent filter. *”’ 


PROPHYLACTIC USE OF AN INFERIOR VENA CAVA 
FILTER DURING ENDOVASCULAR THERAPIES 
FOR DEEP VENOUS THROMBOSIS 


The use of filters in the inferior vena cava temporarily 
during endovascular therapies for DVT of the lower 
extremities remains controversial. 

Placement of an inferior vena cava filter during catheter- 
directed thrombolysis has been proposed as necessary in 
patients who have large, mobile, free-floating thrombi 
within the inferior vena cava.’ Some investigators,” 
insist that the prophylactic use of an inferior vena eava 
filter during catheter-directed thrombolysis is unnecessary 
because of the low rate of pulmonary embolism. For these 
patients, the viewpoint is supported by Bjarnason et al.’ 
who reported only 2 (0.9%) of 214 patients developing 
pulmonary embolism, and by Mewissen et al.” who 
reported only 6 (1.3%) of 473 patients; however, | of these 
was a fatality. 

On the other hand, support of the use of temporary vena 
cava filters can be found in the literature. In a summary 
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of their experience with implantation of temporary vena 
cava filters in 132 patients with DVT who were receiving 
thrombolytic therapy, Thery et al. “” had observed lysing 
of a clot by thrombolytic therapy in the filter in 41 (31%) 
of 132 patients. Since none of the 132 patients experi- 
enced pulmonary embolism, they suggested that the filter 
might have prevented the pulmonary embolism during 
thrombolytic treatment in at least 41 of the patients. It has 
been proposed” ™™ 7 +> that the prophylactic use of an 
inferior vena cava filter is necessary, in view of the high 
rate of trapping a thrombus in these filters during thera- 
pies for DVT as revealed by Thery et al.”” and great 
importance has been attached to its potential in reducing 
mortality, though the rate is low.” 

In situations that limit the dosage of anticoagulation or 
fibrinolytic agents, for example, in patients with traumatic 
injury or after surgery, another endovascular therapy 
should completely replace or should be added to catheter- 
directed thrombolysis. In some countries, dosage of such 
drugs is very limited compared with that in western coun- 
tries. In Japan, for example, dosages of drugs adminis- 
tered for catheter-directed thrombolysis are kept within the 
dosage permitted by the Japanese government-subsidized 
health insurance programs and the usage of certain drugs 
is not permitted. In those programs, use of urokinase is 
limited to 240000 IU per day and tissue plasminogen 
activator variants are not permitted, in principle, for 
therapy of deep venous thrombosis.” Because of this situ- 
ation, the effectiveness of catheter-directed thrombolysis 
must be inferior to that in circumstances in which anticoagu- 
lation or fibrinolytic agents can be used in large quantities, 
as in western countries. Thus, other endovascular therapies 
such as manual aspiration of thrombus and mechanical 
thrombectomy must be added in many cases. However, 
there has been little discussion on the necessity of filter 
placement during therapies for DVT with interventional 
radiological procedures other than catheter-directed 
thrombolysis.” 

In one study of patients on therapies for DVT includ- 
ing systematic anticoagulation therapy in Japan, a clot of 
trapped thrombus was observed in 83% of 30 retrieved 
filters that had been implanted optionally during therapy 
for DVT.” When an optional inferior vena cava filter 
was implanted prophylactically during endovascular 
therapies for DVT in 17 patients, pulmonary embolism 
was avoided in all; however, in 47.1% (n = 8), a trapped 
thrombus was observed in the filter on venography per- 
formed during endovascular therapies.” Results of pro- 
phylactic implantation of an inferior vena cava filter dur- 
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ing endovascular therapies for DVT of the lower extrem- 
ity with a larger number of subjects showed that in 20 
(54.1%) of 37 endovascular therapy sessions and in 22 of 
66 filters implanted, a trapped clot of thrombus was 
observed où venography.” The trapped thrombus filled 
<1/4 the height of the filter in 2, from 21/4 to <1/2 in 6, 
and 21/2 but within the height of the filter in 7. In the 
remaining 7 of 22 filters, the trapped thrombus occupied 
greater than the height of the filter. It is possible that if 
the filters had not been implanted, the thrombus might 
have moved to the pulmonary artery, causing pulmonary 
embolism.There is special concern when the captured 
thrombus is larger than half the height of the filter. 


CHALLENGES IN FILTER RETRIEVAL WHEN A 
LARGE THROMBUS IS TRAPPED IN THE FILTER 


The presence of a large thrombus in a filter at the time of 
filter removal can be problematic.” ™® Removal of the 
Gunther tulip vena cava filter (Cook, Bjaeverskov, Den- 
mark), which is one of the optional vena cava filters, is 
contraindicated by the manufacturer when the thrombus 
fills more than 1/4 of the filter cone.” Also, in the 
retrieval of the OptEase filter, another optional vena cava 
filter, Oliva et al.” recommended not to attempt filter 
retrieval if the trapped thrombus is larger than 5 mm in 
width and/or 20 mm in length. However, in practice, as 
mentioned above, in certain situations, it is more favorable 
to remove the filter. Thus, modifying the usual methods 
for removal of the filter would be helpful in achieving a 
successful removal. In retrieval of the Gunther tulip vena 
cava filter, Kinney™ suggested that fibrinolytic therapy 
could be used to reduce or remove the entrapped clot in 
preparation for filter removal. In the study of Yamagami 
et al,” in 20 filters, the captured thrombus filled more 
than 1/4 the height of the filter. For these cases, they used a 
combination of catheter-directed thrombolysis, manual 


‘aspiration, and temporary filtering by temporarily posi- 


tioning ‘another filter at the cephalad side of the filter with 
the trapped clot to remove the filter safely. During removal 
of these filters, the pulmonary embolism did not develop 
or get worse. 


VENOUS THROMBOEMBOLISM AFTER RETRIEVAL 
OF OPTIONAL VENA CAVA FILTERS 


In addition to reports evaluating the retrievability of 


optional vena cava filters,” 53559 a follow-up of patients 
after retrieval with regard to recurrent DVT following 
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removal has been reported.”” *** In a report by Millward 
et al.’” describing a mean follow-up of 103 days, DVT 
recurred in 1 (27%) of 37 patients in whom the filter was 
removed. Asch et al.” reported that 1 (4.5%) pulmonary 
embolism occurred among 22 patients during a post- 
retrieval clinical follow-up of an average of 223 days with 
Recovery filters. In a follow-up period of 20.6 months, 
after retrieval of 72 filters implanted in 67 patients, Yavuz 
et al. observed a recurrent DVT in 2 of the 67 patients. 
Yamagami et al.” described the observation of 76 patients 
after retrieval of optional filters, the rate of recurrent pul- 
monary embolism was 2.0% and that of DVT was 4.6%. 
The incidence of recurrent VTE in one study” was simi- 
lar to what was reported in other studies, although the 
follow-up period was much longer and the number of 
patients was larger.” ** In that series,” the mean fol- 
low-up period after retrieval of the filter was 39.8 + 22.1 
months (range, 6-84 months). Such favorable results 
might have been obtained because the outpatient care 
was adequate and long-term, and included monitoring 
the condition of patients with ultrasound, enhanced CT 
and blood tests such as D-dimer assays. In that series, 
risk factors for recurrent VTE after filter removal were 
also investigated.” There was a tendency for recurrence 
of VTE at a higher rate in cases in whom the status of 
DVT before filter implantation was so severe that endo- 
vascular therapies for DVT were required and in whom 
DVT remained at the time of filter removal. However, the 
difference between those with and without these risk fac- 
tors was not statistically significant. 


CONCLUSION 


In reviewing previous reports,” we want to reiterate 
that, despite the strong controversy as to whether to use 
filters temporarily in the inferior vena cava during endo- 
vascular therapies for deep venous thrombosis, the inferior 
vena cava filter played an important role in filtering a 
thrombus released from the lower limb, thereby preventing 
pulmonary embolism. Thus, use of the optional vena 
cava filter is recommended during endovascular therapies 
for deep venous thrombosis. However, long-term follow 
up to avoid recurrence of venous thromboembolism after 
retrieval of the filter is necessary. 
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Purpose: Despite advances in therapeutic angiogenesis by bone marrow cell implantation (BMCD, limb 
amputation remains a major unfavorable outcome in patients with critical limb ischemia (CLI). We sought 
to identify predictor(s) of limb salvage in CL. patients who received BMCI. 

Materials and Methods: Nineteen patients with CLI who treated by BMCI were divided into two groups; 
four patients with above-the-ankle amputation by 12 weeks after BMCI (amputation group) and the 
remaining 15 patients without (salvage group). We performed several blood-flow examinations before 
BMCI. Ankle-brachial index (ABI) was measured with the standard method. Transcutaneous oxygen ten- 
sion (TcPO,) was measured at the dorsum of the foot, in the absence (baseline) and presence (maximum 
TcPO,) of oxygen inhalation. ”technetiuntetrofosmin (°"Te-TF) perfusion index was determined at the 
foot and lower leg as the ratio of brain. 

Results: Maximum TcPO, (p = 0.031) and “"Tec-TF perfusion index in the foot (p = 0.0068) was signifi- 
cantly higher in the salvage group than in the amputation group. Receiver operating characteristic (ROC) 
curve analysis identified maximum TcPO, and ”’"Tc-TF perfusion index in the foot as having high predic- 
| tive accuracy for limb salvage. 

| Conclusion: Maximum TcPO, and ”"Te-T¥ perfusion index in the foot are promising predictors of limb 
salvage after BMCI in CLI. 
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tis in small and medium-sized arteries. The most severe 
manifestation is termed “critical limb ischemia (CLD, as 
demonstrated by ischemic rest pain and/or loss of tissue 
integrity, including skin ulceration and gangrene.” PAD 
relates to a worse long-term outcome”; furthermore, only 
45% of CLI patients were free from limb amputation or 
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death within a year after diagnosis.” The current goals of 
management of CLI are to relieve ischemic pain, heal 
ischemic ulcers, and prevent major limb amputation, in 
addition to reducing cardiovascular mortality. 

Recent advances in surgical and percutaneous revas- 
cularization have led to better treatment options for 
patients with CLI.” Notably, revascularization is not suit- 
able in a considerable proportion of patients (10-15%) 
(“no-option patients’). Of these patients, more than 40% 
would require a major limb amputation, and 20% would 
die within 6 months.” For such “no-option patients,” 
therapeutic angiogenesis by autologous bone marrow cell 
implantation (BMCI) has emerged as a novel strategy in 
an attempt to improve blood perfusion at the ischemic 
site, and evidence has accumulated that BMCI is a safe 
and effective treatment for CLIS © 

Because the clinical condition of patients with CLI 
changes with time, repeated blood flow examinations are 
necessary. Thus, it is important to establish non-invasive 
and convenient examinations to detect blood flow. The 
ankle-brachial index (ABI) is convenient and the most 
utilized method to diagnose PAD, and transcutaneous 
oxygen tension (TcPO,) is one of the commonly used 
noninvasive examinations reflecting local arterial blood 
flow.” Amann et al. reported that TePO, is a useful 
measurement for evaluating blood flow recovery in 
patients with CLI who underwent BMCI.” In a previous 
investigation, we demonstrated that ”’"technetium-tetro- 
fosmin (’"Tc-TF) perfusion scintigraphy is useful for the 
assessment of quantitavive blood flow after BMCI.”’ 
However, among these non-invasive examinations of 
blood flow, predictors of limb salvage in patients with 
CLI subjected to BMCI have not been established. 

The aim of this study was to evaluate the usefulness 
of these non-invasive measurements of blood flow as pre- 
dictors of limb salvage after BMCI in patients with CLI. 


METHODS 


Patient selection 

We enrolled 20 consecutive patients who gave their 
written informed consent and who met the following cri- 
teria: a) atherosclerotic PAD or Buerger’s disease with 
total occlusion or severe stenosis of leg arteries below 
popliteal artery diagnosed by digital subtraction angiog- 
raphy, b) CLI with Rutherford classification H-4 to IV-6 
(Fontaine class 3 or 4) unsuitable for peripheral catheter 
intervention or bypass surgery, c) continuous ischemic 
symptoms for more than 6 months despite other conven- 
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tional treatments, d) no evidence of malignant disorder 
during the past 5 years and no proliferative diabetic 
retinopathy, e) male or female aged 20-79 years. Preop- 
erative screening was performed as described previ- 
ously,” and the therapeutic decision was made by the 
advisory committee (consisting of cardiologists, vascular 
surgeons, plastic surgeons, radiologists and anesthesists). 

At 12 weeks of follow up after BMCI, the patients 
were retrospectively divided into a salvage group (n = 15) 
and an amputation group (n = 4). Major amputation was 
defined as amputation above the ankle joint,” and limb 
salvage was defined as avoidance of major amputation. 
We performed partial amputation of the toes for com- 
plete necrosis or local osteomyelitis. One patient was 
excluded from this study because he died of congestive 
heart failure 60 days after BMCI. 

The medical ethics committee of Nippon Medical 
School reviewed and approved this clinical trial. 


Cell preparation and implantation 

Bone marrow cell implantation was performed as 
described previously.” In brief, approximately 500 ml of 
bone marrow fluid was aspirated from the bilateral iliac 
bones of the patient under general anesthesia and col- 
lected in a sterile bag containing heparinized (20,000 
units) RPMI 1640 medium (GIBCO, Grand Island, NY). 
The mononuclear cell fraction was sorted using an AS 
TEC 204 blood cell separator (Fresenius Kabi, Bad Hom- 
burg, Germany) and processed to obtain a final volume 
of about 70 ml. Finally, we injected the mononuclear cell 
suspension (1 ml/point) intramuscularly into the ischemic 
regions. 


Assessment of limb ischemia 

ABI was determined as the ratio of ankle systolic 
blood pressure to brachial systolic blood pressure, with 
both measured using an automatic device (PWV / ABI. 
Colin, Ltd., Komaki, Japan). The device simultaneously 
measured bilateral brachial and ankle blood pressure by 
the modified oscillometric pressure sensor method. The 
higher brachial pressure on either the left or right was 
used for calculating ABI It was not possible to assess ABI 
in one patient in the salvage group because of cuff pain. 

TcPO, was measured by a TCM 400 (RADIOMETER 
Inc., Tokyo, Japan). The sampling site was carefully 
selected so as not to overlie a bony prominence, superfi- 
cial vessel, or pulse site. After wiping the skin with alco- 
hol, we placed a transducer on the dorsum of the isch- 
emic limb and warmed the skin to 43.5 C to increase the 
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permeability of the skin to oxygen molecules at the mea- 
surement site. With the patient resting in the supine posi- 
tion, we acquired baseline TcPO, at ambient conditions 
for about 20 min. Then, we repeated the acquisition, this 
time at 5 L/min pure oxygen inhalation for 5 min, to 
determine the TcPO, value in response to an oxygen 
challenge (maximum TcPQ)). 

*°™To-TF perfusion scintigraphy was performed as 
described previously.’ Simply, approximately 10 min 
after intravenous injection of ”'"Te-TF (555-740 MBq), 
we preformed whole-body scintigraphy of the patient in 
the prone position, for both anterior and posterior projec- 
tions, with a dual-head large field-of-view gamma cam- 
era (Vertex, ADAC). Each head of the gamma camera 
was equipped with a high-resolution, low-energy collima- 
tor. Scan speed was 12 cm/min. Image acquisition time 
was approximately 15 min. Data were acquired in a 512 x 
1024 matrix and a 2096 window centered on the 140 keV 
photopeak of ””"Tc. Both the anterior and posterior views 
were used for the quantitative analysis. Regions of inter- 
est (ROI) of equal size were drawn around the lower leg 
(region from knee to ankle) and the foot (region from 
ankle to toes) in the anterior and posterior projections 
(muscle uptake; M)."” Additionally, intracranial uptake 
(brain uptake; B) was obtained and used as back- 
ground. ”™Te-TF perfusion index was defined as muscle- 
to-brain (M/B) ratio of averaged counts per pixel.” Two 
patients in the salvage group did not undergo ”’"Te-TF 
perfusion scintigraphy. 


Statistical analysis 

All data are presented as mean + SD. Intergroup com- 
parisons were made with Student's t test or chi-squared 
test. Receiver operating characteristic (ROC) curves were 
constructed to evaluate the predictive accuracy of exami- 
nations. Areas under the ROC curves and their 95% con- 
fidence intervals (CI) were calculated and compared 
using a nonparametric test. Then, the best cut-off value 
for each measurement to predict limb salvage was deter- 
mined as the one that minimized the distance to the ideal 
point (sensitivity = specificity = 1) on the ROC curve.” 
Time to major limb amputation was compared between 
the two groups, divided by the cut-off value using 
Kaplan-Meier analysis with the log-rank test. A value of 
p <0.05 was considered to be statistically significant. 


RESULTS 


Clinical characteristics 

The overall limb salvage rate in this study was 79%. 
The reasons for major amputation were uncontrolled 
infection (n = 3) and acute limb ischemia (n = 1). The 
clinical characteristics of the limb salvage and amputa- 
tion groups are summarized in Table 1. The major cause 
of CLI was atherosclerotic PAD, but five patients with 
Buerger’s disease were included in the salvage group. 
There was no significant difference between the two 
groups in age, sex, Rutherford classification (Fontaine 
class), prevalence of smoking, hypertension, diabetes and 
hemodialysis. The use of aspirin, cilostazol, anti-hyper- 
tensive drugs, statins and insulin did not significantly 
differ between the two groups. Laboratory data before 
BMCI were also comparable between the two groups; 
however, LDL-cholesterol and estimated GFR were sig- 
nificantly higher in the salvage group than in the ampu- 
tation group (p <0.05). The number of collected bone 
marrow mononuclear cells was 6.0 + 3.5 x 10” in the sal- 
vage group and 4.9 + 1.1 x 10° in the amputation group, 
with no significant difference between the two groups, 


Perfusion parameters prior to BMCI 

Fig. 1 shows ABI within one week before BMCI. 
There was no significant difference in ABI between the 
two groups (0.71 + 0.34 in salvage group vs. 0.59 + 0.63 in 
amputation group, p = 0.59). In Fig. 2, TcPO, values in 
the absence (baseline) or presence (maximum) of pure 
oxygen inhalation were compared. Although the differ- 
ence in baseline TcPO, between the two groups was not 
significant (25 + 14 vs. 13 + 15 mmHg, p = 0.14) (Fig. 
2A), maximum TcPO, was significantly higher in the sal- 
vage group than in the amputation group (42 + 24 vs. 12 
+ 14 mmHg, p < 0.05) (Fig. 2B). Fig. 3 shows a represen- 
tative image of °’"Tc-TF perfusion scintigraphy, and per- 
fusion index at the foot (ankle to toes), and lower leg 
(knee to ankle) regions were calculated. The perfusion 
index in the lower leg region was comparable between 
the two groups (0.98 + 0.16 vs. 0.98 + 0.10, p = 0.94) (Fig. 
4A). In contrast, tissue perfusion of the foot region was 
estimated to be significantly greater in the salvage group 
than in the amputation group (0.84 + 0.25 vs. 0.42 + 0.14, 
p = 0.0068) (Fig. 4B). 


Cut-off values for limb salvage 
The area under the ROC curve was 0.85 [95% CI 
0.66-1.05; p = 0.036] for maximum TcPO, and 0.94 [95% 
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Table 1 Clinical characteristics 
Limb Salvage Major Amputation 


S| 


group (n = 15) group (n = 4) p value 

Age (years) 57+ 14 68 + 8.3 0.17 
Male / Female (%) 11/4 2/2 0.77 
PAD / Buerger’s disease (%) 10/5 4/0 0.48 
Fontaine class 3.8 + 0.4 4+0 0.36 
(Rutherford classification) H-4 to IV-6 IW-5 to [V-6 

Smoking (%) 13 (87) 2 (50) 0.36 
Hypertension (%) 8 (53) ' 3 (75) 0.83 
Diabetes mellitus (%) 7 (AT) 3 (75) 0.66 
Hemodialysis °%) 3 (20) 2 (50) 0.57 
Aspirin (%) 6 (40) 3 (75) 0.5 
Cilostazol (%) 7 (47) 1 (25) 0.83 
ACE-I/ARB (%) 8 (53) 4 (100) 0.26 
Calcium channel blocker (%) 5(33) 3(75) 0.35 
B-blocker (%) 3 (20) 1 (25) 0.64 
Statin (%) 6 (40) 2 (50) - 0.83 
Insulin (%) 3 (20) 0 (0) 0.84 
Fasting glucose (mg/dl) 107 + 26.4 135 + 88.0 0.28 
HbA 1c (%) 5.6 0.7 5.64 1.1 0.96 
HDL-cholesterol (mg/dl) 41+11 33 +3.9 0.17 
LDL-cholesterol (mg/dl) 97 +26 3544+ 12 <0.01 
Triglyceride (mg/dl) 115 + 78.6 157 + 149 0.45 
Serum creatinine (mg/dl) 2.2%3.1 6.144.7 0.06 
eGFR (mL/min per 1.73 m’) 62+ 41 14+ 14 <0.05 
CRP (mg/dl) 2.0 + 2.4 1.00.5 0.43 


Data are shown as mean + SD or number (%). 


eGFR (mL/min/1.73 m’) = 194 x Serum creatinine '™ x Age’ 


(Female x 0.739) 


PAD, peripheral artery disease; ACE-I, angiotensin converting enzyme inhibitor, ARB, 


tive protein 





0.71 + 0.34 


0.59 + 0.63 


Salvage group Amputation group 
( 


(n = 14) 
ABI 


Fig. 1 Ankle brachial index before bone marrow 
cell implantation. 
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' angiotensin 1 receptor blocker; eGFR, estimated glomerular filtration rate; CRP, C-reac- 
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Fig. 2 Transcutaneous oxygen tension (TcO,) measurements at ambient 
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conditions (A: baseline TcPO,, and during 5 min of pure oxygen in- 


halation at 5 mL/min (B: maximum TcPQ)). 


Anterior view Posterior view 





. e . + 99 ~ . e . : 
Fig 3 Representative image of ”™Tc-TF perfusion scintigraphy. 
Arrow-heads indicate lower leg region, and arrows. indi- 


cate foot region of ischemic leg. 


CI 0.82-1.07; p = 0.009] for ”™Te-TF perfusion index in 
the foot region, suggesting high predictive accuracy of 
these parameters for limb salvage. The calculated best 
cut-off value was 18 mmHg for maximum TcPO, (sensi- 
tivity 0.87, specificity 0.75) and 0.65 for “"Te-TF perfu- 
sion index in the foot region (sensitivity 0.77, specificity 
1.0). Fig. 5 illustrates major amputation-free survival 


when the patients were divided into two groups by these 
cut-off values. Patients with maximum TePO, and “"Te- 
TF perfusion index in the foot region above the cut-off 
value had a significantly higher limb salvage rate than 
those whose measurements were below the cut-off value 
(log-rank test, p = 0.008, p = 0.006, respectively) (Fig. 5). 


DISCUSSION 


Because the major reason for amputation in CLI is an 
unhealed ulcer or gangrene, one of the important objec- 
tives of therapeutic angiogenesis is wound healing and 
prevention of ischemic ulcers. Therapeutic angiogenesis 
by BMCI is thought to improve the microcirculation, 
playing a crucial role in wound healing.” The possible 
mechanism is that bone marrow mononuclear cells con- 
sist of a variety of cell populations committed to vascular 
formation," secretion of angiogenic cytokines, ® and 
stimulation of muscle cells, promoting the secretion of 
angiogenic factors.” 

In the present study, the mean value of baseline KPO; 
of all patients was 22 + 15 mmHg, which was almost 
identical to the cut-off value for limb amputation previ- 
ously reported.* '™'® Even for patients in this critical con- 
dition. we achieved a 79% limb salvage rate at 12 weeks 
of follow up after BMCI, indicating that BMCI could be 
used as a powerful strategy for CLI to salvage limbs 
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0.98 + 0.16 0.98 + 0.10 0.84 + 0.25 0.42 40.14 
Salvage group Amputation group Salvage group Amputation group 
(n = 18} (n = 4) (n = 18) (n = 4) 
omy - TF perfusion index 99m Te - TF perfusion index 
(lower leg region) (foot region) 
Fig. 4 Tissue blood flow estimated by ®"Ic-TF perfusion scintigraphy (’"Tc- ala 


TF perfusion index: expressed as muscle to brain [M/B] ratio of mean 
counts per pixel). Lower leg region (A) and foot region (B). 


from major amputation. 

In the present study, the value of TcPO, was signifi- 
cantly different between the two groups, only when taken 
during O, inhalation (maximum TcPO,). Furthermore, 
the ROC curve analysis showed that maximum TcPO, is 
highly accurate in predicting limb salvage. It is reported 
that maximum TcPO, is a useful predictor of limb ampu- 
tation in PAD,” and our data support this concept as 
well. The underlying mechanism is that maximum TcPO, 
could reveal the remaining potential of flow reserve 
which is masked under a normoxic condition, by increas- 
ing the arterial oxygen content. Thus, maximum TcPO, 
rather than baseline TcPO, might represent the severity 
of ischemia more accurately. 

In our previous investigation, the *”Tc-TF perfusion 


- index was shown to be a useful examination to evaluate 


the increase in blood flow of the microcirculation in 
response to BMCI.” The usefulness of ””Tc-TF is sup- 
ported by the following mechanism: 1) "Te emits high 
energy photons, enhancing image quality, and the 
shorter half-life allows administration of a higher dos- 
age,” 2) *™Tc represents both blood flow perfusion and 
cellular viability, because uptake and retention are 
dependent on cell membrane integrity and mitochondrial 
function.” ” 

In the present study, we demonstrated that *™Tc-TF 
perfusion index in the foot region prior to BMCI was a 
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significant predictor to divide patients into a salvage 
group and an amputation group. Furthermore, ROC 
curve analysis indicated ””Tc-TF perfusion index in the 
foot region to have high predictive accuracy. 

We showed the cut-off values of maximum TcPO, 
and ”"Tc-TF perfusion index in the foot region for limb 
salvage, which was determined by ROC curve analysis, 
and subsequent Kaplan-Meier analysis revealed that these 
cut off values estimated chronological changes in limb 
salvage. These findings provide important clinical pre- 
cognition of responders to BMC] before treatment. Fur- 
thermore, to salvage the limbs of patients subjected to 
BMCI with values below the cut-off values, additional or 
alternative intervention may be required. 

It was important to compare these cut-off values 
including the patients treated with conventional therapy. 
However, patients enrolled in this study were already 
scheduled to have a limb amputation, even before the 
consultation at our hospital. Thus, we could not random- 
ize the patients to a BMC] treatment group versus a con- 
ventional treatment group, for ethical reasons. Even in 
such “no-option” patients, we encourage to find a possi- 
bility of limb salvage. Although clinicians who partici- 
pate in the care of CLI sometime face an immediate 
decision of limb amputation, we believe that providing 
various treatment options for CLI would provide a better 
prognosis in CLI patients. 
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In the present study, there was no significant differ- 
ence in ABI between the two groups. Although ABI is 
considered to be a useful method in the diagnosis of 
PAD, it does not represent blood flow of the microcircu- 
lation, which is an important factor in wound healing in 
CLI” Besides, severe calcification causes a pseudo-nor- 
malized value, which may affect the accuracy of the 
evaluation of ischemic severity. 

In summary, BMCI was performed in 19 CLI patients, 
and the limb salvage rate was 79%. Maximum TcPO, 
and °’"Te-TF perfusion index in the foot region are pre- 
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dictors of limb salvage after BMCI in CLI patients. 


Study limitations 

There are several limitations of the present study. 
First, this was a retrospective study with a small number 
of subjects. Therefore, multivariate analysis was not per- 
formed. For ROC curve analysis, the small number of 
outcomes made the curve rough. In addition, the cut-off 
values determined by this ROC curve analysis might be 
inadequate. Second, limb salvage was determined at 12 
weeks of follow up after BMCI, which may be too short 
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a follow-up period. Third, blood concentration of LDL- 
cholesterol and estimated GFR at baseline were signifi- 
cantly higher in the salvage group than in the amputation 
group, suggesting that patient characteristics might also 
have influenced the outcome. The results of this study 
need to be confirmed in a large population. 
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Ten Years Experience of Aortic Root Replacement Using a 
Modified Bentall Procedure with a Carrel Patch and Inclu- 
sion Technique 


Wataru Hashimoto, MD, Koji Hashizume, MD: Tsuneo Ariyoshi, MD, Shinichiro Taniguchi, MD, 
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Objective: A modified Bentall procedure with a Carrel patch and inclusion technique (Modified Bentall 
Procedure) has been used to treat combined disease of the aortic valve and aortic root. The current study 
examined the outcomes of this surgical technique. 

Materials and Methods: Between April 1999 and March 2009, 16 patients (10 males, 6 females; 63.3 + 9.4 
years) underwent elective surgery involving the Modified Bentall Procedure and no additional surgery, so 
they were included in the study. 

Results: The mean cardiopulmonary bypess time was 140.2 + 34.4 min (range: 97-232 min), and aortic 
cross-clamp time was 97.3 + 16.6 min (range: 76-132 min). There were no hospital deaths. No patients 
required additional surgery to correct excessive bleeding. The follow-up rate was 100% (16/16). The mean 
follow-up period was 5.6 + 2.8 years (range: 0.7-9.9 years). One of the 16 patients died (6.3%) due to lung 
cancer, and I of the 15 surviving patients required additional surgery (6.7%) for a thoracic aortic aneurysm. 
Kaplan-Meier analysis found that l-year ane 5-year survival and event-free survival rates were all 100%. 
Conclusions: The Modified Bentall Procedure provided satisfactory results over both the short term and 


long term. 


INTRODUCTION 


he surgical reconstruction of the aortic root wH a 

valved composite graft was first reported by Beacall 
and De Bono.’ The reported disadvantages of the classi- 
cal Bentall technique are excessive postoperative bleed- 
ing and pseudoaneurysm formation at the suture lines.” ” 
Since its original development, the Bentall technique nas 
Graduate School of Biomedical Science Division of Cardievas- 
cular Surgery, Nagasaki University, Nagasaki, Nagasaki, Japan 





Received: November 15, 2010; Accepted: December 1, 2010 
Corresponding author: Wataru Hashimoto MD. Graduate School 
of Biomedical Science Division of Cardiovascular Surgery. Na- 
gasaki University, 1-7-1 Sakamoto, Nagasaki, Nagasaki 852-8501, 
Japan 

Tel: +81-95-819-7307, Fax: +81-95-819-7311 

E-mail: cooleat_watawata0 127 @ yahoo.co.jp 


. 
af 


ne 
to 


Key words: aortic root replacement, modified Bentall procedure 


undergone several modifications.” The current group of 
investigators use the Modified Bentall Procedure, as re- 
ported by Kawazoe et al. in 1993.” The current study ex- 
amined this surgical procedure and its outcomes. 


MATERIALS AND METHODS 


Between April 1999 and March 2009, 31 patients 
underwent aortic root replacement at Nagasaki Univer- 
sity Hospital, Nagasaki, Japan. Sixteen of these patients 
(10 males, 6 females; mean age + standard deviation (SD): 
63.3 + 94 years; range: 48-79 years) underwent elective 
surgery involving the Modified Bentall Procedure but no 
additional surgery, so they were included in the study. 
The patients’ medical records were reviewed retrospec- 
tively to obtain data on patient demographics, symptoms, 
echocardiographic and computed tomographic findings, 
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Modified Bentall Procedure 


Table 1 Patient characteristics 


Age 
Male/Female 
Diagnosis 
AAE 
Atherosclerotic aneurysm 
Aneurysm of Valsalva 
(Marfan syndrome) 
(Previous surgery) 


Ascending aorta diameter (mm) 


n=16 


63.349.4 
10/6 


12 

2 

2 

3 

1 
59.1 + 9.0 


New York Heart Association Functional Class I / I 7/9 


Fig. 1 Surgical procedure. 


The coronary ostium was excised together with a collar of the aortic wall, leav- 





ing epicardium on the aortic wall (A). The coronary button was attached in an 
end-to-side fashion to the composite graft using polypropylene running sutures 
reinforced by an autologous pericardium patch (arrows) (B). 


surgical procedures, complications, and survival rates. 
Follow-up was performed via hospital visits and/or tele- 
phone interviews. 


Preoperative characteristics 

The preoperative characteristics of the patients are 
summarized in Table 1. Indications for surgery were 
annuloaortic ectasia in 12 patients, atherosclerotic aneu- 
rysm in 2 (1 of whom had undergone previous surgery), 
and aneurysm of the sinus of Valsalva in 2. Three of the 
16 study patients had Marfan syndrome (18.8%). The 
average diameter of the ascending aorta was 59.1 + 9.0 
mm. All 16 patients had moderate or severe aortic regur- 
gitation. Based on the New York Heart Association 
(NYHA) functional classification system, 7 patients 
(43.8%) were graded as Functional Class I at the time of 
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surgery, and 9 patients (56.3%) were Class III (mean class: 
2.6 + 0.3) (Table 1). 


Surgical technique 

Cardiopulmonary bypass was established using 
ascending aortic cannulation and right atrium drainage. 
After ventricular fibrillation was induced using a cardiac 
fibrillator, a venting cannula was placed into the right 
upper pulmonary vein. After cross-clamping of the 
ascending aorta, the aorta was transected, and then cold 
cardioplegic solution was injected into the coronary 
ostium. Using a hand-held cautery device, the coronary 
ostium was excised together with a ‘collar’-like remnant 
of the aortic wall (extending 5 mm from the ostium), 
leaving epicardium on the aortic wall and further mobi- 
lizing the excised ostium and wall (Fig. 1A). Particular 
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attention was paid to avoiding perforation of the epg 
dium. After removal of the aortic valve, the optimal sizes 
of the prosthetic valve and graft were determined. The 
prosthetic valve was inserted into the graft (not fixed), 
and the valve and graft were implanted into the aortic 
annulus using everting mattress sutures (3-0 polyester 
suture). At this point in the surgical procedure, composite 
graft replacement was complete; therefore, a composite 
graft need not be created beforehand because it can be 
made intraoperatively using this technique. The current 
investigators use a biological replacement valve in 
patients of age 70 years and over. The left and then the 
right coronary buttons were attached in an end-to-side 
fashion to the composite graft using 5-0 polypropylene 
running sutures reinforced by an autologous pericardium 
patch (Fig. 1B). The distal end of the tubular graft was 
closed manually, and a cardioplegia cannula was inserted 
into the distal end of the graft. The aortic root ane the 
coronary button anastomoses were checked for possible 
bleeding by high-pressure administration of a cardiople- 
gic solution. Distal anastomosis of the graft to the 
transected aorta was performed using a continuous 4-0 
polypropylene suture. During anastomosis, the suturing 
needle was inserted into the distal aortic wall from the 
outside and into the graft and the proximal aortic wall 
from the inside (three layers). 

After the cross-clamp was removed, the aortotomy 
was closed during rewarming of the patient, and the graft 
was completely included after weaning of the patient 
from cardiopulmonary bypass. 





Intraoperative characteristics 

Ten patients received a Dacron composite graft wath a 
mechanical valve, 5 received a Dacron composite graft 
with a biological valve, and 1 received a Carbo-Seal com- 
posite valve graft (Sulzer Carbomedics Inc, Austin, TX, 
USA). The mean operating time was 294.0 + 59.0 min- 
utes (range: 202—402 minutes), cardiopulmonary bypass 
time was 140.2 + 344 minutes (range: 97-232 minutes), 
and aortic cross-clamp time was 97.3 + 16.6 minutes 
(range: 76-132 minutes) (Table 2). 


Follow-up 

The follow-up rate was 100% (16/16 patients atteaded 
at least | annual hospital visit). The mean follow-up 
period was 5.6 + 2.8 years (range: 0.7-9.9 years). 


Statistical analysis 
Survival and event-free survival curves were calcu- 


Table 2 Operative data 


CPB duration (min) 
Aortic cross-clamp time (min) 


140.2 + 34.4 (97-232) 
97.3 + 16.6 (76-132) 


Post operative drainage (ml) 434.8 + 247.5 (1 10-878) 


Composite graft 


NANNA AAAA atcha E mere P IAA A E EAA EAN A TIDAL at coh OY SAA O OCH I RAR retin venrem EITE EV EI AA ARA Aa NAA A A e 





ATS 21mm + 24mm 4 
ATS 23mm + 26mm 4 
ATS 25mm + 28mm 2 
CEP 2mm + 24mm 3 
CEP 23mm + 28mm | 
Mosaic 2imm + 24mm | 
Carbo-Seal 25mm | 


CPB, cardiopulmonary bypass; ATS, ATS bileaflet pros- 
thesis, CEP, Carpenteir-Edwards permount 


Table 3 Results 


Complications No. of occurrences Ge 

Atrial fibrillation or flutter 6/16 a1 
Ventricular fibrillation 1/16 6.2 
Respiratory failure 1/16 6.2 
Additional surgery 1/15 6.7 


lated using the Kaplan-Meier method. Data are presented 
as means + SD, ranges, and percentages. 


RESULTS 


Short-term outcomes 

There were no hospital deaths of patients in the study. 
None of the patients required additional surgery to cor- 
rect excessive bleeding. The average volume of postoper- 
ative drainage was 434.8 + 247.5 ml (range: 110—878 ml). 
The percentage of patients not requiring transfusion was 
31.3% (5/16 patients). Postoperatively, atrial fibrillation or 
flutter occurred in 6 patients (37.5%). Ventricular fibrilla- 
tion occurred in | patient (6.3%), and normal heart 
rhythm was restored electrically. One patient had postop- 
erative respiratory failure requiring prolonged ventilation 
and a tracheostomy (Table 3). 
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Long-term outcomes 

Of 16 patients, 1 patient died (6.3%) 5.5 years after sur- 
gery due to lung cancer. Therefore, based on Kaplan- 
Meier analysis, the 1-year and 5-year survival and event- 
free survival rates were all 100%. One of the 15 surviving 
patients required additional surgery (6.7%) for a thoracic 
aortic aneurysm (not a pseudoaneurysm) 7 years after the 
original surgery (Table 3). None of the study patients had 
an anticoagulant-related hemorrhage, valve thrombosis, 
coronary event, pseudoaneurysm, or prosthesis-related 
complication. All 16 patients underwent NYHA func- 
tional reclassification after surgery: 14 patients (87.5%) 
were graded as functional Class I, and only 2 patients 
(12.5%) were Class II (mean: L1 + 0.3). 


DISCUSSION 


The Bentall procedure and its major modifications 
have been the technique of choice for composite graft 
replacement of the ascending aorta and aortic valve in 
the treatment of a variety of pathological conditions. The 
reported disadvantages of the classical Bentall technique 
are excessive postoperative bleeding and pseudoaneu- 


_rysm formation at the suture lines.» Therefore, it is cru- 


cial to control bleeding during a Bentall operation in 
order to reduce the time needed for hemostasis. Since 
1999, the current investigators have used a modified Ben- 
tall procedure with a Carrel patch and inclusion tech- 
nique, as reported by Kawazoe et al.” 


Hospital mortality and morbidity 

The advantages of performing the Bentall procedures 
with a Carrel patch are that coronary ostial retmplanta- 
tion into the prosthetic graft can be easily performed 
with good visualization and that stress on the anastomo- 
sis can be avoided. Milano et al. noted that the formation 
of pseudoaneurysms at all sites of anastomosis of tissue 
to the conduit (including the aortic annulus, coronary 
ostia, and distal aorta) has been a troublesome late com- 
plication of the inclusion technique.” Thus, to avoid anas- 
tomotic stress and bleeding, the coronary ostium can be 
detached to facilitate its mobility and then reinforced 
with autologous pericardium during anastomosis.” 
Sokullu et al. also used Teflon felt to control bleeding 
during coronary artery anastomosis.” 

When creating coronary buttons, it is essential to avoid 
injuring the epicardium so that eventually the graft can 
be wrapped completely (and any tears can be sutured in 
the event of epicardial damage). Complete coverage by 
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the epicardium serves to concentrate oozing from the 
needle hole in the wrapping and should reduce the time 
required for hemostasis and help control bleeding with a 
cell saver until protamine takes effect. 

In the current study, the mean durations of aortic 
cross-clamping and cardiopulmonary bypass were 97.3 + 
16.6 and 140.2 + 34.4 minutes, respectively. The average 
volume of postoperative blood drainage was 434.8 + 
247.5 ml (range: 110-878 ml). No patients required addi- 
tional surgery to correct excessive bleeding. The percent- 
age of patients not requiring transfusion was 31.3% (5/16 
patients). There were no hospital deaths of study patients. 
Lewis et al. and Svensson et al. cited increased cardiopul- 
monary bypass time (2163 minutes; odds ratio: 4.95) and 
aortic clamp time (298 minutes; odds ratio: 5.43) as fac- 
tors associated with early mortality.” ” The current 
study’s modified Bentall technique proved effective in 
reducing the time needed for hemostasis, cardiopulmo- 
nary bypass duration, and aortic cross-clamp time. 


Long-term survival and events 

The Kaplan-Meier analysis confirmed that 1-year and 
5-year survival and event-free survival rates were all 
100%. One patient died of lung cancer 5.5 years after sur- 
gery. Another patient required additional surgery for a 
thoracic aortic aneurysm (not a pseudoaneurysm) 7 years 
after the original surgery. Kouchoukos et al.” and Yakut” 
indicated that the incidence of a coronary ostial pseudoa- 
neurysm when using a button technique varies from 3.1% 
to 9%, but the current study found no incidence of coro- 
nary pseudoaneurysm. Miller and Mitchell described the 
use of a doughnut of Teflon felt or autologous pericar- 
dium placed around the coronary ostial aspect of the cor- 
onary buttons to prevent tearing of tissues.” Reinforce- 
ment with autologous pericardium during coronary 
artery anastomosis also prevented late pseudoaneurysm; 
however, pseudoaneurysms of coronary ostia anastomo- 
ses, as well as at the distal aortic suture line, have been 
observed.” 

We use a biological valve for patients of age 70 years 
and older, and do not consider ongoing anticoagulation 
with warfarin to be necessary in these patients. None of 
the study patients suffered an anticoagulant-related hem- 
orrhage or valve thrombosis. Numerous reports have 
indicated that a thromboembolic complication or antico- 
agulation-related hemorrhage is less likely with a biologi- 
cal valve." We consider composite graft root replace- 
ment to be the treatment of choice for many pathological 
conditions affecting the aortic root and aortic valve. 


35 


Hashimoto W et al. 


Yacoub et al.” and David et al.’ reported on remedel- 
ing and reimplantation as new procedures for aortic root 
aneurysms; however, these procedures are limited to use 
in patients with normal valve leaflets. There are still con- 
cerns about the management of severe aortic regurzita- 
tion. The Modified Bentall Procedure, as we have 
described here, provided satisfactory results in terms of 
both surgical and long-term outcomes. Today, various 
techniques are available for aortic root reconstruction; 
however, as explained by Silva et al." complicated sur- 
gery is not necessary for cases in which the Bentall pro- 
cedure is likely to produce satisfactory results. 


CONCLUSIONS 


The current study found that the Modified Bentall 
Procedure provided satisfactory results in patients requir- 
ing aortic root replacement. Pseudoaneurysms, coronary 
events, and prosthesis-related complications were not 
observed. 
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Severe Limb Ischemia Related to Previous Abdominal Aortic 
Aneurysm Repair Induced by Acute Aortic Dissection 


Yukio Umeda, MD, PhD, Matsuhisa Imaizumi, MD, PhD, Yoshio Mori, MD, PhD, and Hiroshi Takiya, MD, PhD 


We described the first case of limb ischemia induced by acute aortic dissection in the patient with previous 
abdominal aortic aneurysm (AAA) repair. A 56-year-old male was referred for severe limb ischemia. He 
underwent AAA repair one month before the referral. Computed tomography (CT) scan revealed Stanford 
type B aortic dissection extended to the proximal anastomosis site of the AAA repair. The false lumen made 
the complete interruption of antegrade blood flow at the proximal anastomosis site of the AAA repair. 


Key words: limb ischemia, abdominal aortic aneurysm repair, acute aortic dissection 


INTRODUCTION 


everal cases of limb ischemia induced by acute aortic 
dissection were previously reported, including a case 
with abdominal aortic aneurysm (AAA). On the other 
hand, limb ischemia related to aortic dissection at the site 
of aortic clamp or iliac artery is known as a complication 


of AAA repair.” However, severe limb ischemia induced - 


by Stanford type B aortic dissection has not been de- 
scribed in a patient with previous AAA repair. In this pa- 
per, we described an unusual case of limb ischemia in- 
duced by acute aortic dissection in a patient with previ- 
ous AAA repair. 


CASE REPORT 


A 56-year-old man was referred to our department for 
sudden onset of severe limb pain and paralysis of the 
limbs. He underwent AAA repair with a tube graft and 
reconstruction of the inferior mesenteric artery (IMA) 
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one month before the referral at our department; how- 
ever, he had no history or symptoms of limb ischemia, 
and postoperative ankle brachial pressure (ABI) was nor- 
mal (>1.0). Postoperative computed tomography (CT) 
scan also revealed no obvious problems at the anastomosis 
or aortic clamp site (Fig, la). The clinical course after 
AAA repair was uneventful, and he was discharged on 
postoperative day 9, Concerning the referral for severe limb 
pain, we investigated the pulse of the bilateral femoral 
arteries, which was not detectable. As for the ABL Doppler 
sound was not also audible. The physical examination 
revealed paresthesia and paralysis of the lower extremity. 
Contrast media-enhanced CT scan revealed Stanford 
type B aortic dissection extended to the proximal anasto- 
mosis site of the AAA repair. Ulcer like projection (ULP) 
site suggesting that it was the primary tear was seen at 
the proximal descending aorta. False lumen of the aorta 
was totally occupied with thrombus except the ULP site. 
The false lumen made the complete interruption of ante- 
grade blood flow at the proximal anastomosis site of the 
AAA repair (Fig. 1b, Fig. 2). The celiac trunk, the superior 
mesenteric artery, and the bilateral renal arteries were 
originated from true lumen; however, the origin of the left 
renal artery was narrowed by the false lumen. Distal 
lesion of the proximal anastomosis site was maintained by 
collateral circulation through the epigastric artery or the 
mesenteric artery system. 

Emergency right axillo-bifemoral bypass was per- 
formed using an 8 x 7 mm bifurcated graft. Limb color, 
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Fig. 1 Three-dimensional CT scan. 
a: on the 7th day after AAA repair. 
b: on referral for limb pain and paralysis. 
c: on the 7th days after axillo-bifemoral bypass. 
d: at 6 months after operation. 
CT, computed tomography 











Fig. 2 Two-dimensional CT scan on referral for limb pain and paralysis. 


CT, computed tomography 


ABI, and neurological dysfunction were improved imme- 
diately after operation. Postoperative significant elevation 
of serum creatine phosphokinase (CPK, peak CPK 16959 
[U/l on IPOD) and transient elevation of creatinine (Cr, 
peak Cr 1.37 mg/dl on IPOD) were observed but improved 
steadily. Contrast media-enhanced CT scan on postopera- 
tive day 7 revealed the patent vascular prosthesis and the 


persistent but reduced thrombosed false lumen of the 
aorta (Fig. Ic). The patient began to walk on postoperative 
day 7 according to the rehabilitation program for acute 
aortic dissection. His postoperative course was uneventful 
and he discharged on postoperative day 36. Contrast media- 
enhanced CT scan at 6 months after operation revealed 
occlusion of the axillo-bifemoral bypass graft and disap- 
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pearance of the false lumen (Fig. 1d). Sufficient ante- 
grade blood flow to the lower extremity and normal ABI 
(>1.0) were also confirmed. 


DISCUSSION 


Limb ischemia is one of well-known complication of 
acute aortic dissection.’ We described the severe limb 
ischemia induced by aortic dissection in the patient with 
previous AAA repair. In our case, the totally thrombosed 
false lumen made the complete interruption of antegrade 
blood flow at the proximal anastomosis site. As far as we 
searched, there was no report of severe limb ischemia 
induced by aortic dissection in the patient with previous 
AAA repair. We should consider this because termina- 
tion of the aortic dissection at the proximal anastomosis 
site of AAA repair is thought to be a major cause of limb 
ischemia. Furthermore, limb ischemia in the patient with 
previous AAA repair could be more severe than that in 
the patient without previous AAA repair because of 
reduced collateral circulation related to intra-operative 
closure of the lumbar arteries or un-reconstruction of the 
IMA or the internal iliac artery. In our institution, we 
reconstruct the IMA independent with the result of pres- 
sure measurement except the patients with the occluded 
IMA. In the present case, several pairs of the lumbar 
arteries were closed, but the internal iliac arteries were 
patent because of the tube graft repair and the IMA was 
reconstructed. Nevertheless, our case presented paralysis 
of the limbs at the same time with the onset of limb pain. 
This suggests the severity of ischemia induced by aortic 
dissection in the patient with previous AAA repair and 
the necessity of prompt and appropriate treatment. 

With regards to severe ischemic cases, surgical proce- 
dure such as axillo-bifemoral bypass or femoro-femoral 
bypass has been carried out. Recently, endovascular repair 
of aortic dissection presenting as severe limb ischemia 
was also reported.” ® As a result of those appropriate 
treatments for limb ischemia, major limb amputation 
could be avoided in many cases. In our case, the proximal 
anastomosis site of AAA repair was close to major branches 
of the abdominal aorta. There was a risk of thromboem- 
bolism from the thrombosed false lumen. Thus, we 
judged that endovascular repair was inappropriate and 
decided to perform the extra-anatomical bypass grafting. 
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Limb color, ABL and paralysis were improved immedi- 
ately after operation. Postoperative significant elevation 
of CPK and transient renal dysfunction were observed 
but improved steadily. Postoperative clinical course was 
uneventful. At 6 months after operation, disappearance 
of aortic dissection and restart of antegrade blood flow 
were observed. Occlusion of the vascular prosthesis was 
also observed without any clinical symptom, such as 
intermittent claudication or thromboembolism. 

We routinely reconstruct the IMA, independent of its 
pressure measurements because ischemia or necrosis of 
the large intestine may occur in a few patients who have 
had a reconstruction of their bilateral internal iliac arteries. 
In addition, we usually recommend the IMA reconstruc- 
tion because it can help in the collateral circulation for 
improving lower-limb ischemia, induced by acute aortic 
dissection after AAA repair. 

Here, we described an unusual case of limb ischemia 
induced by acute aortic dissection in the patient with pre- 
vious AAA repair. 
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INTRODUCTION 


he relationship between deep venous thrombosis 

(DVT) and subsequent development of pulmonary 
embolism (PE) is well established and placement of a 
permanent inferior vena cava (IVC) filter is more effec- 
tive in preventing symptomatic PE than anticoagulation 
alone.” However, patients who had permanent IVC filters 
have an increased risk of lower limb DVT with no sur- 
vival benefit.” So optional IVC filters are recommended, 
since they can be removed or left in the vena cava per- 
manently.” 

Retrieval of vena cava filters is a valuable additien to 
the management of DVT. However, retrieval failure 
occurs due to technical difficulties. This is a case of suc- 
cessful retrieval of OptEase filter using the balloon- 
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1e for Successful OptEase 
Katsuhiro Kondo, MD, Hirotoshi Watanabe, MD, Masashi Iwabuchi, MD, and Masakiyo Nobuyoshi, MD 


Purpose: To describe a case of successful retrieval of OptEase filter, using the balloon-trapped technique, 
after failure of its retrieval by the standard techniques. 

Case report: An 82-year-old man had an inferior vena cava filter placed for deep venous thrombosis pro- 
phylactically. Seven days after successful catheter-directed thrombolysis, the filter was retrieved after 
changing the position to caudal, using a standard angioplasty balloon. The patient was discharged on war- 


Conclusion: Balloon-trapped removal of the OptEase filter that failed standard retrieval attempt is an 
effective and safe technique that can be performed using commonly available tools and familiar to most 


Key words: deep venous thrombosis, pulmonary embolism, permanent/retrieval filter, catheter-directed throm- 


trapped technique after failure of the standard retrieval 
techniques. 


CASE 


An 82-year-old man presented with acute onset of 
swelling and pain of his left leg. Computed tomography 
revealed proximal DVT. He was administered a thera- 
peutic dose of heparin, but the symptoms continued to 
worsen. Catheter-directed thrombolysis was performed, 
and then an OptEase filter was placed prophylactically 
against PE. 

Seven days after successful catheter-directed throm- 
bolysis, we tried to retrieve the IVC filter. After sterile 
preparation and draping of the patient, local anesthetic 
(1% Lidocaine) was injected in the right groin. Then, the 
right femoral vein was cannulated using 10 French sheath 
(23 cm, Cordis) using Seldinger technique. The standard 
technique of retrieval was tried several times, but it failed 
to catch the hook of the filter. Therefore, we used the 
buddy wire technique” for IVC filter retrieval; however, 
we were not successful in its retrieval. So, the failure was 
thought to occur because the hook of the filter was close 
to the vena caval wall. An angled guide wire (0.035 inch, 
Terumo) was passed through the filter and then a 4.0 mm 
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Fig. 1 


A: Trapped balloon. 
B: Catching the filter’s hook. 


C: The filter was removed by using the standard technique after changing its 


position. 


(diameter) by 20mm (length) over-the-wire type percuta- 
neous transluminal angioplasty (PTA) balloon (Synergy. 
Boston Scientific, USA) was delivered between the struts 
of the basket filter. After that, the balloon was inflated at 
nominal pressure to trap it between the struts of the 
lower basket. After that, the filter was moved about 
10mm by pulling the trapped balloon catheter, the guid- 
ing catheter, and guide wire in the downward direction 
(Fig. 1A). After changing the position of the filter, we 
deflated the PTA balloon catheter and removed it with a 
guidewire. Then the filter was removed successfully 
using the standard technique (Fig. 1B and 1C). The pro- 
cedure did not result in any complications. The patient 
was discharged under Warfarin sodium treatment. 
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DISCUSSION 


IVC filter placement in patients with DVT with or 
without pulmonary embolism protects against short-term 
and long-term development of PE. However, permanent 
filter placement can result in chronic complications such 
as filter occlusion and increased risk of DVT. The Pre- 
vention du risque d’embolie pulmonaire par interruption 
cave (PREPIC) study suggests that in the case of patients 
in whom short-term prevention of PE is required, it 
might be more attractive to use a retrievable filter over a 
permanent one, since it helps avoid the long-term compli- 
cations associated with a permanent filter.” ” Therefore, 
the demand for retrievable IVC filters, which have high 


4] 
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rates of successful retrieval, has increased.” 

Currently, the following 3 retrievable IVC filters for 
temporary insertion are available in Japan: Günther ‘Tulip 
filter (Vena Cava MReye Filter Set, William Cook 
Europe); ALN filter (ALN Implants Chirurgicaux, Ghi- 
sonaccia, France); and OptEase filter (Cordis, Roden, 
Netherlands). Retrieval failure due to technical reasons 1s 
a commonly occurring problem. In case of the use of 
optional filters other than the OptEase filter, particularly 
in the case of the Günther Tulip filter, numerous reports 
have been published on alternative techniques (e.g., smare- 
over-guidewire loop technique). 

Failure to retrieve the OptEase filter owing to techni- 
cal reasons has been reported in 2 cases by using the 
expression “potentially retrieval” filter.” The structural 
design of the OptEase filter facilitates retrieval since the 
retrieval hook is supposed to be at the center of the IVC. 
However, in some cases, as in the case of lumbar scel i0- 
sis, the course of IVC may be curved. Therefore, in such 
cases, the retrieval hook may be in contact with the (VC 
wall, thereby making filter retrieval impossible. One pos- 
sible means of resolving this problem is using the buddy 
wire technique. In this technique, a stiff guidewire is 
passed through the OptEase filter and positioned parallel 
to the major axis of the vena cava. In this way, the 
retrieval hook is separated from the venous wall, thus 
enabling easier snaring; 4 this appears to be a simple-and 
effective technique. However, in practice, the operator 
should have some level of experience or skill to perform 
this technique successfully. 

In balloon trapping presented in this report, a guide- 
wire is passed through the OptEase filter, and then the 
PTA balloon is inflated between the upper and lower 
baskets. Then, the trapped balloon in the lower basket is 
pulled downward to change the position of the filter, thus 
enabling snaring of the retrieval hook. In this technique, 
the guidewire can be easily passed, and complex manipu- 
lation is not required, as opposed to that in the buddy 
wire technique in which the wire needs to be passed 
through the opposite side of the upper region after pas- 
sage between the hook and the adjacent venous wall. One 
advantage of pulling in the downward direction is pre- 
vention of injury to the IVC wall caused by the upward 
directed barbs of the OptEase filter, which are designed 
to provide resistance to migration. Moreover, this maneu- 
ver enables the guiding catheter to be as close as possible 


to the filter, thereby resulting in safer filter retrieval. 

This technique enabled safe and reliable retrieval of 
the filter after the filter could not be retrieved by apply- 
ing the standard technique. Moreover, the retrieved filters 
were intact. This technique is promising because it 1s 
simpler, more reliable, and safer than the buddy wire 
technique for filter retrieval. Balloon trapping is an alter- 
native technique that can be used by interventionalists 
who are unfamiliar with the buddy wire technique. To 
the best of our knowledge, we may be the first to use bal- 
loon trapping in the successful retrieval of the OptEase 
filter. 

In case of failure of the standard technique for 
OptEase filter retrieval, balloon trapping is an effective 
and a safe retrieval technique that can be performed 
using commonly available tools and is familiar to most 
interventionalists. 
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_ Histopathologic Characteristics of a Coronary-pulmonary 
Artery Fistula with a Coronary Artery Aneurysm 


Noriyuki Sakata, MD.,' Noritoshi Minematsu, MD.” Noritsugu Morishige, MD, Tadashi Tashiro, MD,’ 


| Here, we report a case of a 59-year-old woman with a coronary-pulmonary artery fistula with a concomi- 


tant coronary artery aneurysm, which comprised an anomalous coronary artery originating at the right 
coronary cusp, an aberrant branch of the left anterior descending artery, and a coronary artery aneurysm 


draining into the main pulmonary artery. Histopathologically, non-dilated anomalous coronary artery 


| showed the preservation of internal elastic lamina and medial smooth muscle cell phenotype which lacked 
in the aneurysmal wall. Thus, the disrupted internal elastic lamina and phenotypic change of medial 
smooth muscle cells might contribute to aneurysm formation in a coronary-pulmonary arterial fistula. 


Key words: coronary-pulmonary artery fistula, coronary artery aneurysm, histology, immunohistochemistry 


INTRODUCTION 


‘eevee artery fistulas are uncommon congenital 
anomalies, first reported by Krause” in 1865, and are 
characterized by the involved coronary artery having a 
normal origin from the aorta, but with a fistulous com- 
munication with either the cardiac chambers or another 
vascular structure, including the pulmonary artery and 
the superior vena cava. They are recognized more often 
with the improvement in diagnostic techniques, including 
selective coronary arteriography, echocardiography, and 
computed tomography. Although a coronary artery aneu- 
rysm associated with a fistula may result secondarily 
from atherosclerotic changes or traumatic injury to the 
fistula, it is even more rare than coronary artery fistu- 
las.” The clinicopathologic characteristics of a coronary 
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artery fistula concomitant with a coronary artery aneu- 
rysm are poorly understood because of their rarity. 

In the present report, we describe the clinical, histo- 
logical, and immunohistochemical characteristics of a 
coronary-pulmonary artery fistula concomitant with a 
coronary artery aneurysm. We also discuss the mecha- 
nisms potentially responsible for this lesion. 


CLINICAL SUMMARY 


A 59-year-old woman had a history of chest compres- 
sion 6 years earlier. She has suffered from chest compres- 
sion more frequently, and a heart murmur was detected 
at another hospital several months earlier. She was 
referred to our hospital because of chest compression and 
heart murmur. Her heart rate was 65 beats/min, and 
blood pressure was 131/86 mmHg. A continuous murmur 
of Levine HI/VI was heard from the third intercostal 
space to the left sternal border. An electrocardiogram 
showed normal rhythm and no significant ST-T changes. 
An echocardiogram demonstrated an abnormal coronary 
artery. As shown in Fig. 1, multislice computed tomogra- 
phy revealed an anomalous coronary artery originating 
from the right coronary cusp (RCC) (indicated by No. | 
in Fig. 1) and an aneurysm formation (indicated by No.2 
in Fig. 1). There was also an aberrant branch of the left 
anterior descending artery connecting to the aneurysm. 
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Fig. 1 The reconstructed images of multislice computed to- 
mography show the coronary-pulmonary artery fistula, 
which comprises an anomalous coronary artery originat- 
ing from the right coronary cusp (indicated by Ne. 1) 
and a concomitant aneurysm (indicated by No. 2) to the 
pulmonary artery and an aberrant branch of the left an- 
terior descending artery. 

Ao, aorta; PA, pulmonary artery; RCA, right coronary ar- 
tery; RCC, right coronary cusp; LAD, left anterior de- 
scending artery; LCX, left circumflex coronary artery 


Selected coronary angiography showed that the aneurysm 
received blood flow from the anomalous coronary artery 
and aberrant branch of the left anterior descending artery. 
Selected coronary angiography showed that the aneurysm 
received blood flow from the anomalous coronary artery 
and aberrant branch of the left anterior descending artery, 
which drained into the main pulmonary artery. On these 
findings, we diagnosed a coronary-pulmonary artery fis- 
tula with concomitant coronary aneurysm. 

The patient underwent resection of the coronary-pul- 
monary artery fistula with the concomitant coromary 
aneurysm. The postoperative course was uncomplicated, 
and the patient remains asymptomatic. 


MATERIALS AND METHODS 


The pathologic specimen was fixed in 10% formalin 
and routinely processed for light microscopic and immu- 
nohistochemical examination. Paraffin-embedded serial 
sections were prepared and stained with hematoxylin- 
eosin, elastica van Gieson, Masson-Trichrome, Alcian 
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Table 1 Antibodies and staining methods used for immuno- 














histochemistry 
Antibody Clone Source Dilution Antigen retrieval 
method 
CD34 QBEnd-10 Dako 1:100 Microwave heating 
aSMA 1A4 Dako 1:100 Microwave heating 
Desmin D33 Dako 1:50 Microwave heating 
Calponin 


CALPI Dako 1:800 


Microwave heating 





aSMA, smooth muscle actin; Dako, Glostrup, Denmark 





Fig.2 Macroscopic view of the coronary-pulmonary artery fis- 
tula with a concomitant aneurysm. A: anomalous coro- 
nary artery; B: aneurysmal vessels; a—g in C: cut surface 
of aneurysmal vessels. 

Ao, aorta; PA, pulmonary artery 


blue-PAS, and Gram and PAS stains for light micro- 
scopic observation. Some sections were examined immu- 
nohistochemically with an indirect method, using the 
primary antibodies listed in Table 1. 

All tissue specimens were taken in accordance with 
the protocol of the Human Research Subject Committee 
of the Fukuoka University School of Medicine. 


PATHOLOGIC FINDINGS 


The surgical specimen comprised a complex of a sin- 
gle anomalous coronary artery generating from the aorta 
(Fig. 2A) and abnormal vascular channels (Fig. 2B). The 
latter showed aneurysmal dilatation, up to 6 x 8 mm in 
diameter, depicted by d, e, and f in Fig. 2C. These aneu- 
rysmal vessels connected to the main pulmonary artery 
and aberrant branch of the left anterior descending artery. 
As shown in Fig. 3A, 3C, and 3D, the anomalous coro- 
nary artery showed mild intimal thickening and duplica- 
tion of the internal elastic lamina, which was completely 
disrupted at the neck of the aneurysm. The tunica media 
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Fig. 3 Histologic features of the anomalous coronary artery (A, 
C-E) and concomitant aneurysm (B, F-H). A, B: Low- 
power view, hematoxylin-eosin staining, Bar = 50 um. 
C-E and F-H: High-power views correspcnding to the 
boxed area in panel A and B, respectively. Arrow indi- 
cates the duplication of the internal elastic lamina in the 
anomalous coronary artery (Panel C). C, F: elastica van 
Gieson staining; D, G: Masson-Trichrome staining; E, H: 
Alcian blue-PAS staining. Bar = 100 um 


of this artery was composed of densely packed, spindle- 
shaped smooth muscle cells. On the other hand, the aneu- 
rysmal vessels had a thin cellular wall with lack of the 
internal elastic lamina (Fig. 3B, 3F, and 3G). Alcian blue 
stained the entire wall of these vessels more strongly than 
the wall of the anomalous coronary artery (Fig. 3E and 
3H). Atheromatous plaque was not found in either the 
anomalous coronary artery or aneurysmal vessels. There 
was no evidence of bacterial or fungal infection with 
Gram and PAS staining, respectively. Immun dhistochem- 
ical staining showed the aneurysmal wall to te composed 
primarily of @SMA-/calponin-positive and dzsmin-nega- 
tive spindle cells (Fig. 4F, 4G, and 4H) that were similar 
to intimal cells of the coronary artery. In contrast, the 
medial smooth muscle cells of the anomalous coronary 
artery were positive for not only @SMA but also calponin 
and desmin (Fig. 4B, 4C, and 4D). A CD34-positive 
endothelium was found on the inner surface of the coro- 
nary artery and aneurysmal vessels (Fig. 4A and 4E). 


DISCUSSION 


Coronary artery fistulas are uncommon congenital 
abnormalities which are seen in 0.1% to 0.2% of patients 
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Fig. 4 Immunohistochemically determined patterns of CD34 (A, 
E), aSMA (B, F), calponin (C, G), and desmin (D, H) 
expressions. The anomalous coronary artery is shown in 
panels A-D, and the concomitant aneurysm in panels 
E-H. The medial smooth muscle cells of the anomalous 
coronary artery are positive for &SMA, calponin, and/or 
desmin, and the intimal smooth muscle cells are positive 
for &SMA and calponin but negative for desmin (B-D). 
The spindle cells in the aneurysmal wall are seen as posi- 
tive for &SMA and calponin but negative for desmin (F— 
H). The CD34-positive endothelium is found on the inner 
surface of the anomalous coronary artery and concomi- 
tant aneurysm (A, E). 

I, intima; M, media 
Bar = 100 um 


who underwent coronary angiography.” The coronary 
fistulas originated from the right coronary artery (55%) 
or left coronary artery (35%) but may arise from both 
coronary arteries (5%) and the anomalous single coro- 
nary artery (3%). They drain into the low-pressure cham- 
bers, including the right ventricle (42%), right atrium 
(34%), pulmonary artery (15%), and left atrium (5%).°’ 
The vessel wall of the coronary fistulas comprise a thick 
muscular media layer and well-defined internal elastic 
lamina, which are characteristic of the artery.” The pres- 
ent case demonstrated the complex of a single anomalous 
coronary artery with the histology of an artery originat- 
ing from the RCC and aneurysmal vessels draining into 
the main pulmonary artery. A coronary artery aneurysm 
is considered a dilatation of a part of a coronary artery of 
more than 1.5 times the diameter of the adjoining coro- 
nary artery.” In the present case, the aneurysmal vessels 
were up to 6 x 8 mm in diameter, which was about twice 
as large as that of the anomalous coronary artery. The 
aneurysmal vessels had a thin cellular wall with a lack of 
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arterial histology. These findings suggest the present case 
to be a coronary artery fistula with a concomitant coro- 
nary artery aneurysm. 

Complications associated with coronary artery fistulas 
include aneurysmal formation and rupture, congestive 
heart failure, myocardial ischemia, and endocarditis. An 
aneurysmal formation is quite rare and seems to exist in 
26% of patients with a coronary arteriovenous fistula.” 
The causes of a coronary aneurysm concomitant with 
coronary artery fistulas are considered to be atheroscle- 
rotic, traumatic, and mycotic.” In our case, an atheroma- 
tous plaque was not found in either the anomalous coro- 
nary artery or the aneurysm. There was no evidence of 
bacterial or fungal infection in the aneurysmal wall. Atro- 
phy and destruction of the musculo-elastic elements of the 
vessel wall can promote the formation of aneurysms.” "” 
The anomalous coronary artery showed a well-defined 
internal elastic lamina and a thick muscular layer, which 
was immunohistochemically characterized by the positiv- 
ity for aSMA, calponin, and desmin. In contrast, the 
aneurysm comprised a thin cellular wall with a lack of 
internal elastic lamina, abundant mucopolysaccharides 
and SMA/calponin-positive and desmin-negative spindle 
cells. These changes of the histochemical architectures 
may contribute to the formation of an aneurysm associ- 
ated with a coronary-pulmonary artery fistula. 

Smooth muscle internal scaffolding cytoskeleton com- 
prises three classes of filamentous assemblies, including 
actin microfilaments, intermediate filaments and micro- 
tubules. In vascular smooth muscle cells, proteins in the 
intermediate filaments are mostly desmin and vimentin, 
which interact with the actin microfilaments.” Contrac- 
tile elements in the smooth muscle actin network play a 
role in the mechanical properties of the cell. In the pres- 
ent study, we detected vimentin in the anomalous coro- 
nary artery and aneurysmal wall (data not shown). On 
the other hand, desmin was expressed in the former, but 
not in the latter. However, we found actin-associated pro- 
teins, including SMA and HHF35 (data not shown) in 
both. We suggest that intermediate filament-associated 
proteins, especially desmin, in smooth muscle cells are 
expressed differently in the anomalous coronary artery 
and aneurysmal wall. 

In summary, we described the histopathologic charac- 
teristics of a coronary-pulmonary artery fistula with a 
concomitant aneurysm in a patient who had a history of 
chest compression and heart murmur. We discussed a 
potential mechanism for the development of a coronary 
artery aneurysm associated with the fistula. 
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Ruptured Tuberculous False Aneurysm of the Abdominal 


Aorta: A Case Report 


Alae Mechchat, Brahim Lekehal, Abbes Mesnaoui, Fannid Ammar, and Younes Bensaid 


Tuberculous false aneurysm of the aorta is rare and has an unpredictable complication of anearysm rup- 
ture. We report a case of a 32-year old woman who was referred to the Department of Vascular Surgery, 
Avicenne Hospital for severe abdominal pain. Chest x-ray revealed miliary tuberculosis. Contrast enhanced 
computed tomography (CT) scan showed a false aortic aneurysm involving the juxtarenal aorta. Antituber- 
culous treatment was started because of high presumption of tuberculosis. Five days later, the patient pre- 
sented with symptoms of aneurysm rupture. She underwent an emergency a surgical resection of the aneu- 
rysm with repair of the aortic wall defect by a Dacron Silver patch. The histopathologic examination of the 


aortic wall showed features of tuberculosis. 


Key words: aneurysm, aorta, tuberculosis 


INTRODUCTION 


Tuberculous aortic aneurysms are rare. Less than one 
hundred cases have been reported in the literature since 
1952? The unpredictable complication is aneurysm rup- 
ture. We report a case of a ruptured tuberculous false 
aneurysm of the juxtarenal aorta associated with a pulmo- 
nary miliary. The patient underwent a successful excision 
and in-situ repair of the lesion and application of a pros- 
thetic patch associated with antituberculous chemother- 
apy. 


CASE REPORT 


A 32-year-old woman was referred to the Department 
of Vascular Surgery, Avicenne Hospital for severe back- 


ache and abdominal pain for 2 weeks. She reported a his- ` 


tory of fever, night sweats, anorexia, and weight loss of 8 
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kg over 4 months. She had no history of tuberculosis or 
contact with patients with tuberculosis.. Physical exami- 
nation revealed swelling in an epigastric mass, blood 
pressure of 120/80 mmhg, and temperature of 38.5°. Lab- 
oratory results showed a WBC of 20 x 10°/L, hemoglobin 
120 mg/L, and platelets of 230 x 10°/L. Renal, hepatic, 
lipid, and coagulation profiles were normal. Chest x-ray 
revealed miliary tuberculosis (Fig. 1). The contrast 
enhanced CT scan showed a leaking aortic aneurysm 
involving the juxtarenal aorta measuring 7 cm/5 cm with 
thrombosis of the left renal artery and a mute left kidney 
(Fig. 2). Serology for human immunodeficiency virus 
and syphilis was non-reactive. We suspected tuberculosis 
and began antituberculosis chemotherapy. After 5 days, 
pain and pallor of the patient were greater, and the blood 
analysis revealed anaemia (8 g/dL of hemoglobin). The 
patient was taken to surgery, where she underwent a ret- 
roperitoneal approach extended through the 11th left 
intercostal space. We controlled the distal thoracic aorta 
first and then removed the retroperitoneal hematoma. 
The non functional kidney was removed. After excising 
the pseudo aneurysms, we closed the aortic wall defect 
with a Dacron Silver patch (Fig. 3). Postoperative recov- 
ery was uneventful, and the patient was discharged from 
the hospital on the seventh postoperative day. The histo- 
pathologic examination of the aortic wall showed evident 
features of tuberculosis. 
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Fig. 1 Chest x-ray showing miliary tuberculosis. 





Fig. 2 Contrast enhanced CT scan showing a false aneurysm involving the juxtare- 
nal aorta with thrombosis of the left renal artery and a mute left kidney. 
CT, computed tomography 


DISCUSSION 


Tuberculous aortitis was first described by Weigert in 
1882.” An infectious aortic aneurysm usually results 
from a transmural perforation of the aortic wall caused 
by direct extension from a contiguous infectious focus, 
usually lymphadenitis. Direct hematogenous invasion of 
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the vasa vasorum is rare and usually does not produce an 
aneurysm, as described in this case.” Most tuberculous 
aneurysms are false. However, when they are detected, 
they are most often saccular and rarely dissecting. A 
patient with tubercular aneurysms of the aorta may pres- 
ent with pain, a swollen mass of the para-aorta or symp- 
toms of hemorrhagic shock, associated with typical 
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A 


Distal Aorta. 





Fig. 3 Surgical view showing repair of the aortic wall defect with a silver dacron 


patcn. 


tuberculous symptoms or not, as in the patient presented 
here. Computed tomography (CT) with 3D reconstruc- 
tions is the investigation of choice because it allows a 
better view of the size and the location of the aneurysm, 
thus enabling the physician to more easily determine the 
aetiology of infection and location of aneurysm rupture. 
In contrast, biological analysis points to mycobacterium 
tuberculosis. Because of the nature of this disease and the 
uniformly fatal outcome, early surgical resection in com- 
bination with perioperative antitubercular therapy offers 
the only chance for patient survival. Currently, endovascu- 
lar repair with a stent graft was proposed by some authors. 
as long as the safety of the intervention was reviewed dur- 
ing 12-, 18- and 24- month follow-up visits. +® 


CONCLUSION 


Tuberculous aortic aneurysms usually present as rap- 
idly growing or ruptured pseudoaneurysms. Surgery or 
endovascular repair should not be delayed. 
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INTRODUCTION 


hybrid approach, combining surgical and endovas- 

cular procedures, may be a less invasive substitute 
to correct aortic arch pathologies in high-risk patients.” 
However, this technique does have some risks of fatalistic 
stroke, at least a small incidence of which may be cere- 
bral ischemia during carotid artery clamping.” We de- 
scribe a hybrid procedure for atherosclerotic aortic arch 
aneurysm. To maintain the tissue oxygen saturation level 
of the left hemisphere, we installed a bailout external 
shunt from the right common femoral artery (RCFA) 
during reconstruction of the left common carotid artery 
(LCCA). The patient tolerated the procedure without any 
signs of postoperative stroke. 
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Usage of External Shunt in Hybrid Approach for Aortic 
Arch Aneurysm to Restore Cerebral Oxygenation 


Hiroshi Mitsuoka, MD, PhD,' Hidekazu Furuya, MD,” Yoshinaga Nakao, MD, PhD,” 
Tsunehiro Shintani, MD, PhD,' and Shigeki Higashi, MD, PhD” 


A hybrid approach, combining open and endovascular procedures, may be a less invasive substitute to cor- 
rect aortic arch pathologies in high-risk patients. We describe an 82-year-old male patient with an athero- 
sclerotic aortic arch aneurysm, which was treated with proximal transposition of all arch branches and 
endovascular aortic arch repair. During the left common carotid artery reconstruction, oxygen saturation 
level of the left cerebral hemisphere decreased lower than the safety limit. To re-establish brain perfusion, 
we installed an external shunt from the right common femoral artery to the left common carotid artery. 
The oxygen saturation was restored to an acceptably safe level, and the patient tolerated the procedure 
without any signs of postoperative ischemic stroke. 


Key words: aortic arch aneurysm, hybrid repair, ischemic stroke 


CASE REPORT 


An 82-year-old male patient with a large atheroscle- 
rotic aortic arch aneurysm was referred to Shizuoka Red 
Cross Hospital. He had a long history of severe, chronic 
obstructive pulmonary disease. Because of the high sur- 
gical risks for conventional surgery (logistic Euroscore 
29.21%). a hybrid method, consisting of proximal trans- 
position of all arch branches and endovascular aortic arch 
repair, was indicated. Throughout the procedure, the 
brain oxygenation was monitored by a transcranial near- 
infrared spectroscopy ( INVOS. Somanetics Corporation, 
Troy, MI). 

A woven Dacron bifurcated graft (10 x 8 x 8 mm, 
Gelsoft ERS, Terumo, Tokyo, Japan) was selected, and 
another 8 mm of Dacron graft (Gelsoft ERS, Terumo, 
Tokyo, Japan) was anastomosed to an 8 mm limb. We 
administered 5000 units of heparin, applied a partially 
occluding clamp to the lateral curve of the ascending 
aorta. and anastomosed the 10-mm limb of the prepared 
graft. The LCCA was clamped, transected at the arch, 
and sutured proximally. The lateral limb of the graft was 
anastomosed in an end-to-end configuration. Two min- 
utes after we had clamped the LCCA, the oxygen satura- 
tion level of the left cerebral hemisphere decreased to 
lower than the safety limit (36%). © To re-establish brain 
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Fig. 1 An external shunt installed from the right 
femoral artery to left common carotid artery. 
An external shunt was established between the 
side ports of 7 Fr introducer sheaths, using a 
plastic tube. 
LCCA, left common carotid artery; RCFA, right 
common femoral artery 


perfusion, we installed an external shunt from the RCFA 
to the LCCA. For a source of oxygenated blood, the side 
port of a 7 Fr introducer sheath, which had been inserted 
to the RCFA for the endovascular access, was selected. 
Another 7 Fr sheath was inserted to the LCCA (Fig. 1). 
The shunt restored the oxygen saturation to an acceptably 
safe level (Fig. 2). After the completion of anastomosis, 
the LCCA sheath was removed. The puncture site was 
corrected by closing a small size of purse string suture. 
The innominate artery (INA) was similarly addressed, 
using the other 8 mm lateral limb. Another 8 mm limb 
was anastomosed to the left axillar artery (LAA) in an 
end-to-side fashion. During INA and LAA reconstruc- 
tion, the brain oxygen saturation levels remained in a safe 
range. The TAG endoprosthesis (W.L. Gore & Associ- 
ates, Flagstaff, AZ) was introduced from the RCFA and 
positioned distally to the suture line of the bifurcated 
graft. The left subclavian artery was coil-embolized. 
using platinum-tungsten alloy coils (Interlock fibered 
IDC occlusion system, Boston Scientific Corporation, 
Natick, MA). A final angiogram found no signs of 
endoleak (Fig. 3A). The patient tolerated the entire pro- 
cedure and showed no signs of ischemic stroke postoper- 
atively. Three-dimensional computed tomography (CT) 
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Fig. 2 Tissue hemoglobin oxygen saturation levels during left 
common carotid artery reconstruction. 
Tissue hemoglobin oxygen saturation levels (Hb O, %) 
in the left and right hemispheres were monitored by a 
transcranial near-infrared spectroscopy. 
LCCA, left common carotid artery; RCFA, right common 
femoral artery 


at the third postoperative month found no signs of 
endoleak (Fig. 3B). 


DISCUSSION 


The mortality rate of conventional surgery for aortic 
arch aneurysm in high-risk patients is not negligible.” 
One possible alternative may be the above-mentioned 
hybrid procedure. Although it has an acceptably low rate 
of procedure-associated death, the main drawback of the 
method may be its causing cerebrovascular accidents.” 
The etiology of intraoperative stroke may be ischemic or 
embolic. Atherosclerotic debris can be released by surgi- 
cal or endovascular procedures. Ischemic stroke results 
from inadequate cerebral perfusion related to flow cessa- 
tion of carotid artery. 

Empirically, a short period of arterial clamp during one 
side of carotid artery reconstruction does not decrease the 
brain oxygenation level severely. However, in the presence 
of extra- and intra-cranial arterial abnormality, even a few 
minutes of the flow cessation may cause a fatalistic 
degree of brain ischemia. A shunt tube for carotid end- 
arterectomy (CEA) could have been used, if the remain- 
ing length of proximal carotid artery were long enough. 
Conversely, the length of remaining proximal LCCA was 
too short to use the shunt tube, especially in terms of seal- 
ing of arterial blood by inflating the proximal balloon. 
Therefore, the external arteria. shunt, as described by 
Schénholz was employed as a bailout method.” 

The usage of temporal shunts has been a long-standing 
issue, especially related to CEA. Shunting is inherently 
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Fig. 3 Completion DSA (A) and three dimensional CT angiography (B). 
No signs of endoleak were detected in completion digital subtraction 


angiography (A) and three dimensional CT angiography at the third 


postoperative month. 
CT, computed tomography 


risky, because it may cause embolic stroke, as well as 
unpredicted adverse events related to the technical prob- 
lem.” Controversies may exist in a decision-making about 
usage of external shunt under several methods of cerebral 
monitoring, including stump pressure (e.g. less than 50 
mmHg), electroencephalogram (EEG) (e.g. at least 50% 
decrease in fast background activity), and INVOS (e.g. at 
least a 20% decrease from the background). Important 
thing is that none of these has complete accuracy in 
detecting intra-operative ischemia. On the other hand, 
these methods have acceptably high levels of sensitivity in 
detecting the brain ischemia. Furthermore, there is no 
method to detect the ischemic tolerance. Consequently, 
usage of any fashion of shunting should be justified under 
the above-mentioned circumstances. However, one study 
indicated that shunting might not be able to maintain local 
physiologic microcirculation.” Thus, it is also necessary to 
reduce the duration of the surgical procedure, as well. 


CONCLUSION 


Establishing a temporary femoral-carotid shunt is tech- 
nically feasible. The shunt can refurbish the circulation of 
blood to the brain during carotid artery reconstruction in 
the hybrid procedure for aortic arch aneurysms. 
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A Case of Iatrogenic Subclavian Artery Injury Successfully 
Treated with Endovascular Procedures 


Takuji Yamagami, MD, PhD,’ Rika Yoshimatsu, MD, PhD,! Osamu Tanaka, MD, PhD,’ Hiroshi Miura, MD,’ 
Yutaka Kawahito, MD, PhD,” Katsuhiko Oka, MD,’ Hitoshi Yaku, MD, PhD,” 


and Tsunehiko Nishimura, MD, PhD’ 


We report a case of a life-threatening massive hemothorax caused by iatrogenic injury of the right subcla- 
vian artery. The patient was successfully treated with placement of a covered stent. During the procedure, 
occlusion balloon catheters rapidly controlled the massive bleeding. 


Key words: hemorrhage, minimally invasive therapy, subclavian artery injury 


INTRODUCTION 


Ithough accidental arterial puncture may follow 1 
out of 20 central venous catheterization attempts,” 
this complication is often recognized before the catheter 
is introduced into the blood vessel due to pulsatile back- 
flow of oxygenated blood. Some patients experience mas- 
sive bleeding from the insertion and immediate removal 
of a thin catheter into an artery. It was reported that the 
risk for serious complications after catheter removal in- 
creases with increases in the diameter of the catheter and 
length of time since catheter insertion.” Thus, in cases 
when the diameter of the access route is large, complica- 
tions caused by accidental arterial catheterization are 
sometimes serious. 
Recently, we encountered a case of a life-threatening 
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hemorrhage caused by inadvertent placement of a large 
vascular access catheter that damaged the right subcla- 
vian artery. For this case, we were successful in placing 
the covered stent on the area of injury, first by decreasing 
the blood flow with a balloon catheter. 


CASE REPORT 


A 23-year-old woman with systemic lupus erythema- 
tosus and severe liver dysfunction had a bedside plasma 
exchange, by the insertion of an 11-F double lumen Shal- 
don catheter into the right jugular vein. The chest roent- 
genogram taken just after the catheter implantation led 
us to suspect misplacement of the catheter (Fig. 1). 
Enhanced chest computed tomography (CT) showed a 
right pneumohemothorax with the catheter running out- 
side of the right jugular vein, close to the right subclavian 
artery with its tip located in the right pleural cavity. 
Before the procedure, the patient’s hemoglobin had been 
10.3 g/dl, but just after the enhanced CT, it had decreased 
to 7.8 g/dl. At that time, the blood pressure was 112/75 
mmHg and the heart rate was 58 beats/min. After the 
patient had given written informed consent, we began 
endovascular treatment with local anesthesia to stop the 
bleeding. 

First, we inserted a 4-F catheter from the left femoral 
artery to the right subclavian artery. Since the right sub- 
clavian arteriogram showed no extravasations, we slowly 
withdrew the Shaldon catheter. Then, the blood pressure 
rapidly decreased to 82/21 mmHg, and the heart rate was 
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Fig. 1 Chest roentgenogram of mis- 
placed Shaldon catheter (arrows) 
after catheter implantation. 


120 beats/min. The patient had temporary loss of con- 
sciousness. Then we took a right subclavian arteriograph, 
which revealed rapid and continuous extravasations from 
the right subclavian artery (Fig. 2). Second, after inflat- 
ing the 5-F balloon catheter (9 mm diameter) at the peint 
to decrease the bleeding, we removed the 4-F catheter. 
We then advanced a guide wire to the right brachial 
artery through the 5-F balloon catheter. Third, we 
advanced an 18-gauge intravenous catheter (Surflo; Terumo, 
Tokyo, Japan) at the guide wire and advanced the 5-F 
sheath introducer into the right brachial artery. Then, we 
advanced a 5-F balloon catheter (11 mm diameter) from 
the right brachial artery to the bleeding point and 
inflated the 5-F balloon to decrease the bleeding after 
withdrawal of the 5-F balloon catheter (Fig. 3). Fourth, 
we exchanged the left femoral artery sheath with a 9-F 
sheath introducer and a self-expandable metallic covered 
stent (8 mm diameter) and then inserted a 5-cm long 
stent (Niti-S ComVi stent; Taewoong Medical, Gimpo, 
Korea). Before deployment, the stent was advanced to the 
point where the brachial balloonwould be positioned. The 
brachial balloon catheter was deflated and pulled back to 
the distal part of the right subclavian artery. In the next 
instant, we placed the covered stent in the right subcla- 
vian artery to cover the bleeding point. After the stent 
placement, the hemorrhage was no longer visible in the 
right subclavian arteriography (Fig. 4). The stent success- 
fully closed the source of bleeding of the right vertebral 
artery; however, the left vertebral arteriogram clearly 
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continuous extravasations from the right sub- 
clavian artery (arrows) after withdrawal of 
Shaldon catheter. 





balloon catheter (arrow) advancing from the 
brachial artery with no extravasations. 


showed centripetal flow in the entire right vertebral 
artery. After stent placement, we drained 2 liters of 
bloody pleural fluid with a chest tube. The entire proce- 
dure took approximately 3 hours. 

The anemia resolved after stent placement and infusion 
of 1300 mL of red blood cell concentrate. Plasma exchange 
was performed after re-insertion of the Shaldon catheter. 
Discharge of bloody pleural fluid from the chest tube 
immediately decreased and finally disappeared. The chest 
tube was removed 9 days after stent placement. Therapies 
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Fig.4 Right subclavian arteriography of the stent 
(arrows) stopping the extravasations. 


for systemic lupus erythematosus were resumed. More 
than 5 months after stent placement, the patient did not 
experience any hemorrhaging from the right subclavian 
artery, and covering the origin of the right vertebral 
artery did not cause any neurological symptoms. 


DISCUSSION 


There is widespread use of a central venous catheter to 
provide venous access for nutritional support or manage- 
ment of peri-operative fluids. Central venous access pro- 
cedures are associated with inadvertent arterial puncture 
in up to 5% of cases.’ Because this complication is often 
recognized before the insertion of the catheter into the 
blood vessel, inadvertent arterial catheterization is much 
less common. 

Treatment strategies after inadvertent arterial cathe- 
terization include local compression, open surgical treat- 
ment with direct arterial repair and percutaneous endo- 
vascular treatment.” When hemostasis is not obtained by 
local compression,” ” surgical treatment or percutaneous 
endovascular treatment should be chosen.” * Surgical 
treatment is usually safe; however, it can add significant 
morbidity as patients undergoing placement of a central 
venous catheter are often seriously ill and open repair 
can be complex, requiring general anesthesia and perhaps 
sternotomy.” On the other hand, less invasive percutane- 
ous endovascular treatment of the inadvertent catheteriza- 
tion of the carotid or subclavian artery can be performed 
while the patient is under local anesthesia. In such percu- 
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taneous endovascular treatments, there are two options: 
use of a percutaneous closure device or a stent graft.”~ 

In this study, while the patient was under local anes- 
thesia, we successfully deployed a 5-cm Niti-S ComVi 
stent to stop a massive hemorrhage caused by inadvertent 
catheterization of a wide vascular access (11-F) to the 
subclavian artery. This stent is a self-expandable Nitinol 
covered by a 4-cm-long membrane of polytetrafluoroeth- 
ylene, 0.5 cm uncovered at each end. For stoppage of 
massive bleeding, it 1s extremely useful to place the bal- 
loon catheter close to the bleeding area during with- 
drawal of the inadvertently placed catheter and until 
insertion of the stent. Even when an evident extravasation 
is not viewable in scans, the inadvertently placed catheter 
may be compressing the area and stopping the bleeding” ”; 
thus, the catheter should not be withdrawn until prepara- 
tions are ready for carrying out the procedure in the 
angiography room. Above all, we recommend ultrasono- 
graphic- and fluoroscopic-guidance in the angiography 
room for the safe insertion of a vascular access catheter, 
especially for those with large diameters. Insertion at the 
bedside should be avoided. 


REFERENCES 


1) Eisen LA, Narasimhan M, Berger JS, Mayo PH, Rosen 
MJ, Schneider RE. Mechanical complications of cen- 
tral venous catheters. J Intensive Care Med 2006; 21: 
40-6. 

2) Pikwer A, Acosta S, Kolbel T, Malina M, Sonesson B, 
Akeson J. Management if inadvertent arterial cathe- 
terization associated with central venous access proce- 
dures. Eur J Vasc Endovasc Surg 2009; 38: 707-14. 

3) Cayne NS, Berland TL, Rockman CB, Manadonado 
TS, Adelman MA, Jacobowitz GR, et al. Experience 
and technique for the endovascular management of 
iatrogenic subclavian injury. Ann Vasc Surg 2010; 24: 
44-7. 

4) Shetty SV, Kwolek CJ, Garasic JM. Percutaneous clo- 
sure after inadvertent subclavian artery cannulation. 
Catheter Cardiovasc Interv 2007; 69: 1050-2. 

5) Midorikawa H, Kannno M, Ishikawa K, Takano T, 
Ono T, Morishima S. Endovascular repair of a Kom- 
merell’s diverticulum and aneurismal right-sided aortic 
arch: a case report. Ann Vasc Dis 2009; 2: 54-7. 

6) Cil BE, Canyigit M, Penyircioglu B, Harizolan T, 
Carkaci S, Cekirge S, et al. Subcutaneous venous port 
implantation in adult patients: a single center experi- 
ence. Diagn Interv Radiol 2006; 12: 93-8. 

7) Dede D, Akmangit I, Yildirim ZN, Sanverdi E, Sayin B. 
Ultrasonography and fluoroscopy-guided insertion of 
chest ports. Eur J Surg Oncol 2008; 34: 1340-3. 


Ann Vasc Dis Vol.4, No.1: 2011; pp56-59 


Annals of Vascular Diseases 2011 doi: 10.3400/avd.cr. 10.01028 


= 
cen 


= Case Report © 


-~ Mycotic Abdominal Aneurysm Caused by Campylobacter 
_ Fetus: A Case Report for Surgical Management 


| Yukihiro Noda, MD,' Ko-ichiro Sawada, MD:' Syu-hei Yoshida, MD,' Satoru Nishida, MD,’ 
Shinichiro Yamamoto, MD,’ Yuji Otake, MD: and Go Watanabe, MD’ 


We report a rare case of mycotic abdominal aortic aneurysm associated with Campylobacter fetus. A 
72-year-old male admitted to the hospital because of pain in the right lower quadrant with pyrexia. The 
enhanced abdominal computed tomography (CT) examination showed abdominal aortic aneurysm (AAA) 
measuring 50 mm in maximum diameter and a high-density area of soft tissue density from the right lat- 
eral wall to the anterior wall of the aorta. However, since the patient showed no significant signs of defer- 
vescence after antibiotics administration, so we performed emergency surgery on the patient based on the 
| diagnosis of impending rupture of mycotic AAA. The aneurysm was resected in situ reconstruction using a 
bifurcated albumin-coated knitted Dacron graft was performed. The cultures of blood and aneurysmal 
wall grew Campylobacter fetus, allowing early diagnosis and appropriate surgical management in this 
case, and the patient is making satisfactory progress. This is the fifth report of mycotic AAA characteriz- 
ing culture positive for Campylobacter fetus in blood and tissue culture of the aortic aneurysm wall. 


Key words: mycotic abdominal] aneurysm, Ceimpylobacter fetus, vascular surgery 


INTRODUCTION 


D fetus infection associated with endo- 
carditis and meningitis and a decline in the patient's 
general condition is becoming more prevalent im pa- 
tients.” With mycotic abdominal aortic aneurysm 
(AAA) involvement, Campylobacter fetus is difficult to 
diagnosis early, and there is a high risk of aneurysm rup- 
ture due to rapid dilation. This is one of several case re- 
ports on a patient with mycotic AAA positive for 
Campylobacter fetus in the blood and tissue cultures of 
aneurysm wall samples. 
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CASE REPORT 


A 72-year-old man with hypertension and no history 
of overseas voyage or animal contact was admitted to the 
hospital for surgical treatment. The patient developed 
symptoms of right lower quadrant abdominal pain, vomi- 
tus and fever of 38°C after the admission. Pulsating 
abdominal mass was not palpable, while tenderness in 
the right lower quadrant without muscular defense was 
present. There was hyperinflammatory reaction indi- 
cated by white blood cell count of 10,300/u1 (Neutrophil 
76.5%) and C-reactive protein (CRP), 1.6 mg/dL. Liver 
function, renal function, and electrolytes were all normal. 
We performed an enhanced abdominal computed tomog- 
raphy (CT) examination of the patient for suspected acute 
appendicitis; however, there were no swollen appendix, 


just findings of AAA with SO mm in maximum diameter 


and a deposition pattern of high-density area of soft tis- 
sue from the right lateral wall to the anterior wall of the 
aorta instead (Fig. 1). Blood cultures were positive for 
Campylobacter fetus. 

Clinical findings and CT images revealed an impend- 
ing rupture of mycotic AAA, and the patient underwent 
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Fig. 1 A deposition pattern of high-density area of soft tissue density 


from the right lateral wall to the anterior wall of the aorta (arrow). 


surgery in which we found infrarenal AAA with a 50- 
mm maximum diameter, a hyperinflammatory state, and 
hypertrophy of the adventitia of the anterior and right 
lateral wall. The entire retroperitoneum was edematous. 
Intraoperative findings were compatible with the preop- 
erative CT examination. The Intramural thrombus was 
removed carefully, and the aneurysm wall was resected. 
Following an adequate washing procedure with a combi- 
nation of povidone iodine solution and physiological 
saline, we replaced by a Y-shaped woven Dacron graft (16 
x 8mm, Hemashield) without Omental wrapping, since 
there was no evidence of abscess formation. 

Postoperative germ culture of the resected aneurysm 
wall was positive for Campylobacter fetus. The patho- 
logical findings showed extensive calcification and 
hypertrophy of tunica intima due to atheroma formation 
with cholesterin slits. The elastic lamina in the media 
was damaged and eventually the fibrous lesions extended 
to the tunica adventitia. Although the adventitia had 
hemorrhaged, with infiltration of neutrophils and lym- 
phocytes, there was no evidence of abscess. Neither bac- 
teria or mold was detected. All these findings suggest a 
mycotic AAA caused by Campylobacter fetus infection 
of the atherosclerotic aorta. 

The patient was treated with Meropenem 1.5 mg/day 
for 14 days after the surgery (co-administrated with 
immunoglobulin in the first 3 days), replaced by Cipro- 
floxacin hydrochloride (CPFX) 600 mg/day for the next 
17 days. The patient began Levofloxacin (LVFX) treat- 
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ment on day 30 after the surgery and was discharged on 
day 38. At one year follow-up, the patient had a negative 
CT scan and was symptom-free. 


DISCUSSION 


The incidence of mycotic AAA is relatively rare, 
between 1% and 3% of patients with AAA. Since the dis- 
ease is characterized by a rapid decline in the patient's 
condition, the risk of aneurysmal rupture is estimated to 
be between 50% and 80%.” 

According to the clinical criteria introduced by Miiller 
et al., mycotic aneurysm can be diagnosed when there is 
l) a positive aortic wall germ culture (including sur- 
rounding tissue or contents of the intra aneurysm, for 
example, the intramural thrombus) and clinical signs or 2) 
a negative germ culture plus rupture of AAA, unusual 
clinical signs during surgery (infection) or ongoing anti- 
biotic treatment.” Our diagnosis of mycotic AAA was 
based on criteria 1) because we were not able to define 
the route of infection in the patient (In spite of the care- 
ful anamnesis). However, a preoperative blood culture 
tested positive for Campylobacter fetus. Therefore, we 
concluded that the progress of infection in the aortic wall 
that began with bacteremia was the cause of the mycotic 
AAA. The patient did have two out of three of the symp- 
toms of mycotic AAA: pyrexia and abdominal pain, 
though he did not have the third. an abdominal mass. In 
the image diagnostics, the CT scan is highly effective in 
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Intraoperative finding of aneurysm. Infrarenal AAA, hyperin- 


flammatory reaction and hypertrophy of the adventitia of the ante- 
rior and right lateral wall was found. The entire retroperitoneum 


was edematous. 


AAA, abdominal aortic aneurysm 


evaluation of the time-dependent changes in aneurysmal 
expansion. Macedo has reported that relatively high num- 
ber of cases which shows saccular aneurysm with lobular 
lumen is indicative of mycotic aneurysm.” In addition, 
the increase of peri-aortic fat density and presence of 
edema the aorta are significant findings that should be 
carefully evaluated. The former is also considered being 
a key factor in the estimation of changes in the retroperi- 
toneum caused by the inflammatory reaction. Our case 
presented with these findings, which eventually led to the 
early diagnosis of impending rupture of mycotic AAA, 
and immediate surgical treatment to prevent the rupture 
of the aneurysm. 

The pathogenic bacteria complicating mycotic AAA 
are usually salmonella, staphylococcus or streptoceccus; 
however, Campylobacter fetus has also been reporied to 
complicate mycotic AAA. ™® 

Campylobacter fetus, a helical, microaerophilic, 
Gram-negative rod, is reported to cause miscarriage in 
livestock, especially in cattle and sheep.” ” In humans, it 
is associated with a decline in the physical condition, 
eventually leading to endocarditis and meningitis.’ ~’ We 
have found 15 cases of Campylobacter fetus infection 
inducing mycotic AAA (13, male; 2, female; average age, 
64.4 years; range, 45-84 years)” ">? Subjective symptoms 
were 10 cases of pyrexia (66.6%), 6 cases of abdominal 
pain (40%), 6 cases of diarrhea (40%), 3 cases of nausea 
(20%), 3 cases of low back pain (20%), and 1 case of 
weight loss and anorexia (6.7%). In treatments, 8 cases for 
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anatomic reconstruction and 4 cases for extra-anatomical 
bypass had been performed. As the result, 4 cases died in 
aneurysm rupture and 3 cases was not applied surgical 
treatment among them. There were differences in the 
period of antibiotics administration between each case 
ranged from 7 days to 7 months. 

Normally extra-anatomical bypass or anatomic recon- 
struction, such as prosthetic graft replacement, is applied 
to mycotic infrarenal AAA. While extra-anatomical 
bypass was commonly performed in the past, anatomic 
reconstruction, resection of aneurysm wall, and covering 
of the prosthetic graft with omental wrapping have been 
introduced with favorable outcomes.” '” In our case, we 
selected in-situ prosthetic graft replacement because pus 
discharge was not observed during surgery. We consid- 
ered omental wrapping; however, the omentum was 
severe atrophied from the inflammation, and we could 
not perform the procedure. We also removed the intra- 
mural thrombus carefully and washed the area with 
warm physiological saline to prevent infection. 

Even though there is no stardard-of-care for the term 
of prophylatic use of oral antibiotics, treatment is often 
continued for several months after any evidence of infec- 
tion. However, we usually stop antibiotic treatment when 
the biochemical test for blood inflammatory response 
markers is negative. The patient tested negative for CRP 
after 10 weeks of antibiotic therapy; thus, the treatment 
was stopped. 

For mycotic AAA, it is usually advisable to treat the 
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bacterial infection with antibiotics first, as in this case, 
and consider surgery when the infection is under con- 


` trol.” ® However, surgery is indicated in patients with a 


rapidly expanding aneurysm or in non-responders to anti- 
biotics. . 

In this case, since the follow-up CT scan revealed a 
dense, fatty area ‘with exacerbation of the adjacent soft- 
tissue mass, we operated to prevent an aneurysm rupture. 

One year after surgery, the patient has been returning 
for regular check-ups with no evidence of the disease, 
though we will continue long-term follow-up to monitor 
any recurrence of local or systemic infection. 
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= Case Report © 
Successful Surgical Treatment of Right Subclavian Artery = 


Aneurysm with a Hypoplastic Left Vertebral Artery Using 
Temporary Cerebral Perfusion to Prevent Cerebral Ischemia 





Hiroshi Ito, MD, PhD, Hiroshi Kurazumi, MIX. Kensuke Sakata, MD, and Yurio Koabayashi, MD 


A 7l-year-old man had a right subclavian artery aneurysm (dimension, 30 x 38 mm) that was adjacent to 
the right common carotid artery and exceedingly close to the right vertebral artery. The patient had a 
marked hypoplastic left vertebral artery, dominant right vertebral artery, and an incompletely formed and 
underdeveloped circle of Willis in the skull. While performing a median sternotomy and supraclavicular 
incision during the operation, we used temporal shunting for the cerebral perfusion. The subclavian artery 
aneurysm was resected, and a 10-mm diameter woven Dacron graft was used for reconstructing the sub- 
clavian artery. The postoperative course was uneventful, and the patient was discharged from the hospital 
18 days after surgery. Temporal shunting for maintaining cerebral perfusion was useful in preventing cere- 
bral ischemia, and the median sternotomy plus supraclavicular incision approach afforded an unob- 








| structed view of the surgical field. 


INTRODUCTION 


anion artery aneurysm is a rare disorder that only 
accounts for 0.13%—2.8% of all peripheral aneurysms 
that affect the limbs." ” Surgery is the method of cheice 
for treating this aneurysm. However, cerebral protection 
by means of temporary perfusion might become inevita- 
ble in cases where the carotid and vertebral arteries are 
affected by the aneurysm. We present a case of surgical 
treatment of subclavian artery aneurysm using temporal 
cerebral perfusion to prevent cerebral ischemia. 
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CASE 


A 7l-year-old man, presenting with severe back pain, 
was diagnosed with Stanford type B acute aortic dissec- 
tion. He was under medical treatment for a period of H 
months before surgery. Computed tomographic (CT) 
examination conducted during this period revealed a 
right subclavian artery aneurysm that was 30 mm in 
diameter, and over 10 months, its size had gradually 
increased; thus, the patient was referred to the Saiseikai 
Shimonoseki General Hospital. CT scanning revealed a 
right subclavian artery aneurysm (dimension, 30 x 38 
mm) located adjacent to the right common carotid artery 
and extremely close to the right vertebral artery (Fig. 1A 
and 1B). Magnetic resonance angiography (MRA) of the 
head and neck revealed a marked hypoplastic left verte- 
bral artery and a dominant right vertebral artery (Fig. 
2A). The circle of Willis was incompletely formed and 
underdeveloped (Fig. 2B). From all these results, the neu- 
rosurgeon concluded that an occlusion test of the right 
vertebral artery was too risky to perform because isch- 
emia might develop in the basal region of the right verte- 
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Fig. 1 A 
A: Computed tomographic analysis showing a 
right subclavian artery aneurysm, 30 x 38 B 
mm (indicated by arrowhead). 
B: Right vertebral artery -ranched at the pe- 
riphery of the aneurysm (indicated by ar- 


rowhead). 


bral artery during reconstruction of the right subclavian 
artery. Therefore, we could not perform the occlusion 
test, and instead we used a temporal shunt for the cere- 
bral perfusion while performing the surgery. 

Median sternotomy and supraclavicular incision were 
performed. The brachiocephalic artery, right common 
carotid artery, right subclavian artery, and right vertebral 
artery were identified. After systemic heparinization by 
the administration of 7000 U heparin, a Y-shape car- 
dioplegia needle, which can deliver approximately 300 
ml/min of blood flow, was inserted at the level of the 


Annals of Vascular Diseases Vol. 4. No. 1 (2011) 


Surgery for Right Subclavian Artery Aneurysm 





Fig. 2 A 


A: Magnetic resonance angiography showing 


hypoplasia of the left vertebral artery (indi- B 
cated by arrowhead). 

B: Poor collateral circulation through the circle 
of Willis. 


ascending aorta. Brachiocephalic artery and distal site of 
subclavian artery were clamped during anastomosis, and 
perfusion to the right common carotid artery and the 
right vertebral artery was performed using cerebral per- 
fusion tubes (12 Fr and 8 Fr. SUMITOMO BAKELITE 
Co., Ltd. Tokyo) (Fig. 3). A 10-mm in diameter InterGard 
woven graft (Inter Vascular, Montvale) was used for 
reconstructing the subclavian artery (Fig. 4). Cerebral 
blood flow was monitored by near-infrared spectroscopy, 
and no sign of ischemia was observed. The postoperative 
course was uneventful, and he was discharged from the 
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rt. common carotid a. 
rt. ale carotid a. 


rt. “i a, 


aneurysm 





rt. subcravian a. 






í 


Ascending aorta 


\ 


Y-shape cardioplegia needle 






10mm woven Dacron graf 


Fig. 3 Brachiocephalic artery and distal site o' right subclavian artery were clamped during anastomosis. A 
y-shape cardioplegia needle was inserted at the ascending aorta, and right common carotid artery 
and vertebral artery perfusion was perfarmed. 


Figure 4 hospital 18 days after surgery. The pathological findings 
revealed an atherosclerotic aneurysm. 


rt. vertebral artery => DISCUSSION 


Subclavian artery aneurysm is relatively rare, and it 
a accounts for only 0.13%-—2.8% of all the peripheral artery 
rt. common carotid artery aneurysms." 4) Injuries or infections such as syphilis and 

rt. subclavian artery ' tuberculosis are considered to be the main causes of 
| 1) ie, aneurysm; however, Dougherty reported that 60% of 
oe artery aneurysms are atherosclerotic aneu- 

rysms.” It has also been reported that 30%-50% of 
patients with subclavian artery aneurysm also have other 


woven Dacron graft 


peripheral artery aneurysms, such as iliac artery aneu- 
4 > . l 

rysm.” Other causes of subclavian artery aneurysm are 

aortic inflammation, Behcet’s disease, Marfan syndrome, 





Ehlers-Danlos syndrome, and thoracic outlet syn- 
Fig. 4 Reconstruction of the right subclavian artery with a 10- 3-7 . . > . E 
8 j - i drome. ` The patient had no history of trauma or infec- 
mm woven Dacron graft. i . Boia 
tion, and the pathological findings suggested the presence 
of an atherosclerotic aneurysm. 
Most patients with atherosclerotic aneurysm are 


asymptomatic, though the condition is occasionally diag- 
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nosed from chest X-ray or CT scan images. Neurological 
symptoms such as upper limb pain or chest pain, move- 
ment disorder, hoarseness, paralysis, sensory disorder, 
and Horner’s syndrome are often observed in these 
patients.” Thromboembolisms in the upper limb or verte- 
bral arteries and the common carotid artery have also 
been reported.” 

Surgical intervention is the method of choice for treat- 
ing this aneurysm. The approach used for treating the 
aneurysm differs according to its location. When it is 
located in the extrathoracic region, a supra-infraclavicu- 
lar incision-approach is chosen.” Left posterolateral tho- 
racotomy is used when the aneurysm is located in the left 
thoracic cavity. Supraclavicular incision plus median ster- 
notomy, partial sternotomy, or trapdoor thoracotomy are 
usually used for approaching right intrathoracic subcla- 
vian artery aneurysms.” In the present case, we used a 
supraclavicular incision plus median sternotomy 
approach. The reasons for selecting this approach are as 
follows: 1) the aneurysm was located in the intrathoracic 
space and close to the comman carotid and vertebral 
arteries, and 2) the right vertebral artery was dominant 
and the left vertebral artery was hypoplastic; in addition, 
the circle of Willis was poorly connected to the basal 
artery. To avoid cerebral ischemia, we perform temporal 
perfusion to the right common carotid and vertebral 
arteries during the reconstruction. The supraclavicular 
incision plus median sternotomy approach also provided 
an unobstructed field of view and afforded easy estab- 
lishment of perfusion from the ascending aorta to the 
carotid and vertebral arteries. Inflow of the shunt was 
used at the ascending aorta in this case, Cannulation of 
the ascending aorta may cause cerebral infarction; how- 
ever, the ascending aorta in this case did not demonstrate 
atherosclerosis by preoperative CT or echocardiogram. 
Then we thought the risk of cerebral infarction was low 
in this case. If the ascending aorta had severe atheroscle- 
rosis, cannulation site was considered to be the femoral 
artery or left subclavian artery. From our experience, we 
recommend this procedure. 

The operative procedure usually involves interposition 
of the artificial graft or end-to-end anastomosis. How- 
ever, if the aneurysm is located just above the aortic arch, 
total arch replacement might have to be performed.” 
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More recently, endovascular treatment by stent grafting 
of the subclavian arteries has also been reported; it also 
promises to be a less invasive and a low-risk treatment as 
compared to surgery. '” However, applying stent grafts 
to the sites of aneurysm in the vertebral or carotid artery 
is difficult. 
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- Short Communication — 
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A Case of Effective Cerebrospinal Fluid Drainage for Para- 
plegia Caused by Acute Aortic Dissection 


A 65-year-old man with sudden back pain was transferred to our hospital by ambulance, who also com- 


plained of sensory and motor disorder of bdateral legs on arrival. The neurological disorder was gradually 
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CASE 


A 65-year-old man with sudden and severe back pain 
was transferred to our hospital. On arrival, several signs 
of paraplegia below the level of ThlO were observed, and 
it was gradually aggravated. Other physical examinations 
and laboratory data were normal except for slight 
imflammatory changes. As acute aortic dissection was 
suspected, an emergent plain computed tomography (CT) 
was performed because of an allergy to contrast mediam. 
The CT (Fig. 1) showed DeBakey type IIIb acute aortic 
dissection. Physical examinations and the CT suggested 
no other visceral malperfusions without the paraplegia. It 
was thought to be by spinal cord ischemia due to acute 
aortic dissection, and we performed only cerebrospinal 
fluid (CSF) drainage immediately for the relief from the 
paraplegia. A catheter (Shirasukon L-P shunt type K”: 
KANEKA MEDIX CORP) for CSF drainage was intro- 
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aggravated and paraplegia below the level of Thl0 was manifested. Computed tomography demonstrated 
DeBakey IIIb acute aortic dissection; therefore, the paraplegia was thought to be due to spinal cord isch- 
emia caused by the acute aortic dissection. Emergent cerebrospinal fluid drainage was performed, and it 
was very effective for the relief from paraplegia. The hospital course after the drainage was uneventful 
and he was discharged on the 39th day after the onset of symptoms. 


Kew words: acute aortic dissection, paraplegia, cerebrospinal fluid drainage 


duced into intervertebral space between 4th to Sth lum- 
bar vertebra in which the pressure of CSF was about 25 
mmHg. CSF, which was drained vigorously, and soon 
after the drainage, the paraplegia was dramatically 
improved. Continuous CSF drainage was started about 4 
hours after his onset and continued for 85 hours. Muscle 
strength in his legs improved from grade 1/5 to grade 4/5 
when he left ICU. The catheter was removed on the 4th 
day after initiation, and 250 mL of CSF was drained for 
85 hours. The clinical course of the patient in the hospital 
was uneventful. The CT on 29th hospital day showed a 
true aortic aneurysm at distal aortic arch and the throm- 
bosed dissecting aneurysm extended from distal aortic 
arch to the level of diaphragm (Fig. 2). The Adamkie- 
wicz artery was identified as arising from left 9th inter- 
costal artery penetrating the thrombosed aortic aneurysm 
(Fig. 3). The patient was discharged on the 39th day after 
his admission and is under close observation at our out- 
patient clinic. 


COMMENT 


Paraplegia is a rare but devastating complication asso- 
ciated with acute aortic dissection. It is reported to occur 
in 4% of all patients.’ A third of the ventral spinal cord 
was perfused by the anterior spinal artery, and two thirds 
of the dorsal spinal cord was perfused by the posterior 
spinal artery. Poor fluctuation continuity and segmental 
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Cerebrospiral Fluid Drainage for Paraplegia 





Le er 
Fig. 1 Plain computed tomography of the patient. Acute aortic dissection was 
suspected from distal aortic arch to the level of diaphragm as the differ- 

ence of CT values. Arrows mark dissecting portions. 





Fig. 2. Enhanced computed tomography of the patient. The computed tomography shows thrombosed aortic dissection from dis- 
tal aortic arch to the leve_ of the diaphragm. Arrows mark thrombosed dissecting portions. 





Fig. 3 Adamkiewicz artery arises from left 9th inter- 


costal artery (arrow). 
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blood supply was pathognomonical in the perfusion area 
of anterior spinal artery. Especially, the anterior spmal 
artery below the level of Th4 is very narrow, and some of 
intercostal or lumbar arteries are very important sources 
of blood supply in this area. The largest and most impor- 
tant artery for an anterior spinal artery is called Adam- 
kiewicz artery and it often arises from an intercestal 
artery between Th8 to L2. In this case, abrupt breakdown 
of blood flow to anterior spinal artery due to the throm- 
bosed acute aortic dissection was the main cause of para- 
plegia. Futhermore, it was thought that collateral arteries 
such as the intercostal artery played a very important roll 
to maintain Adamkiewicz artery flow, but it was not obvi- 
ous in CT scan. And there are some mechanisms of spinal 
cord injury, the most important process is spinal cord 
edema after ischemia. Spinal cord edema increases CSF 
pressure and induces severe microcirculatory dysfunction 
which aggravates spinal cord circulation, moreover, and 
finally develops into paraplegia.” ”’ 

Effectiveness of CSF drainage for the prevention of 
paraplegia combined with thoracoabdominal aortic sur- 
gery is certified, and it is performed widely. However the 
therapeutic strategy for the paraplegia associated with 
acute aortic dissection is controversial. CSF drainage for 
the paraplegia with aortic dissection was first reported by 
Killen D et al. in 2000” and several reports have been 
presented since then. However, the effectiveness was not 
fully clarified, and it is unclear when CSF drainage 
should be started and when it should be discontinued. 
The longest case that had been reported from onset to 
SFD was 3.5 hours, though our case was 4 hours and the 
time from onset to CSF drainage may depend on the 
presence of collateral flow to anterior spinal cord. Row- 
ever, we thought that the usability of SFD up to 4 hours 
from onset was a remarkably safe and effective proce- 
dure for paraplegia from an acute aortic dissection. 

On the other hand, the effectiveness of several drugs 
such as steroid, edaravone and naloxone” for paraplegia 
has been reported, but they are not fully effective. Our 
result demonstrated not only the effectiveness of CSF 
drainage for the paraplegia caused by acute aortic dissec- 
tion, but also the time when it should be started and 
when discontinued. 

Recently, Endovascular Aneurysm Repair (EVAR) has 
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been actively employed for thoracic aneurysm and the 
paraplegia is reported to occur at a frequency of 7%.” 
Although the risk of paraplegia associated with EVER is 
lower than that with surgical interventions, paraplegia is 
a serious complication and should be avoided. CSF drain- 
age can also be a feasible and potential clinical option in 
that setting. 

In conclusion, CSF drainage was remarkably effective 
for relief from paraplegia caused by acute aortic dissec- 
tion. Paraplegia is a rare but devastating complication 
and so CSF drainage should be considered as the first 
choice in order to prevent paraplegia from progressing 
when the signs are observed in DeBakey acute aortic 
dissection. 


REFERENCES 


D) Zull DN, Cydulka R. Acute paraplegia: a presenting 
manifestation of aortic dissection. Am J Med 1998; 84: 
765~70. 

2) Spittell PC, Spitte!l JA Jr, Joyce JW, Tajik AJ, Edwards 
WD, Schaff HV, et al. Clinical features and differen- 
tial diagnosis of aortic dissection: experience with 236 
cases (1980 through 1990). Mayo Clin Proc 1993; 68: 
642-51. 

3) Safi HJ, Miller CC 3rd, Azizzadeh A, Iiopoulos DC. 
Observation on delayed neurological deficit after tho- 
racoabdominal aortic aneurysm repair. J Vase Surg 
1997, 26: 616-22. 

4) Fleck T, Hutschala D, Weiss] M, Wolner E, Graben- 
wöger M. Cerebrospinal fluid drainage as a useful 
treatment option to relieve paraplegia after stent-graft 
implantation for acute aortic dissection type B. J Tho- 
rac Cardiovasc Surg 2002; 123: 1003—5. 

5) Killen D, Weinstein C, Reed W. Reversal of spinal 
cord ischemia resulting from aortic dissection. J Tho- 
rac Cardiovase Surg 2000; 119: 1049-52. 

6) Acher CW, Wynn MM, Hoch JR, Popic P, Archibald J, 
Turnipseed WD. Combined use of cerebral spinal 
fluid drainage and naloxone reduced the risk of para- 
plegia in thoracoabdominal aneurysm repair. J Vasc 
Surg 1994; 19: 236-46. 

7) Dake MD, Kato N, Mitchell RS, Semba CP, Razavi 
MK, Shimono T, et al. Endovascular stent-graft place- 
ment for the treatment of acute aortic dissection. N 
Engl J Med 1999; 340: 1546-52. 


Annals of Vascular Diseases Vol. 4, No. 1 (2011) 


astellas 








eric SLT LERINS 
MEAR PG 


tA S (RO BBSHSLEVICE) ] 
(1)HMLCTU4BSs (MAR. EME gE. LA 


AE HI. REHM, Ah. REH MS) 
(2) HERE SIS REMEL TUS A BETED HS he A 





( HAE - ehB) 
O TEER Wik PI GEFEN EDTA ETB OT EO Ue 
O FE HE Aili Fe UML AE Fie 


eee ee we ew ew ee ee we ee ewe ee ee ee em eee ew ew ee wee ee ee we ee ee eee eee ee ee ee eee ee ee 


Rial MRI TSA LOSE > RMA SME FE 

1) EEA a EE R SIL BR COMMENTATE 
DEREI EF CHAI, IED BUS ECM EION 
Hy & hh. (ii Feith HE AAV (oR AE JE TK Mex te hue SYA 7N SS soit. ESTA 
PTLD GHW OERL AGE MOMS TICE. 


[AA AR) 
ORR MEDD IR PABA (<FE 9 RE AR ROUGEOKS 
KFMOLELTIA120ug* 3 [a= apt T EI HEE 


5.72 


OREM BMA EA AIS. S97 OARF YAEL C1 60ng%3 N] 
SPIT TC HE RIE TER GF HCE FL REL. AE AK (al FD) [PRE 20% ith 


Kiti ig TA. H$i CEEA HE mt Kit, Fx tj [a] BU LH3~ 4[aJeL, fix ey H in Ht ©1H180ug 
etH 

<A ASICS SER LOER> RRS MEE 

Vek SEE Bibi S LE ES HE RE (tT SAD TEAS Alo ko TRAC EAH 
DUTEN, FOF FILHO TIL, Pe rhed Sa PI YNET 
ADIRE TT RRL ADITZ 


(FAL OES) (Te) 
1.{RBRS(ROBAICISBICRS TSE) Opri A Ho) A Ae 
be ies RAS POM (MALE IOI) (2) AREA Po ee h 
Me RTZBENHS.| (3) MMMM EOICTORAOSABS [HM th 
HHR TABANA DA, | 
2.BRCGEANMZER (1) KAMA HMA! TVO-FLA60ng) .[ M74 
ALA $260 ng | El] — CHAAR ECE MELB CHE RASS 
EIEE SOE. (2) REEI Hes IML AE HEI 330 VC [7 TO KLA BEOO eg | [NF 
+ ZALAEGO ng | PoRAIN DHA SM GIL, [7 PU-KFL: AFE60 ue | . [WF 
+ ALA S60 ng | DHE SHED 1 2h DA E ask FALZ felix. RAEN TTO 
Ab FRUOLEL THA 1 A60ug% 3 lot TC RIE FACED OPA 
FHrIE, E72, | TFOU—-FLAK60 ng |. [ “7+ ALA SEBO Jug | L fa ROAR 
ei) ZOE Hes SACRA BENABAHALMOUERBRTACL 
3.48 HER HAS (HACER TS CE) resem A DIT) Ee 


tii). 


Wis WAS N77OA 











er onl g td g 
#8 A E 
SET BT SE SS EV HY OM > 


<_~ 
of) 


MA (TAEYY FINESSE) MERA CEH- EE), Ae ROSH he 
A) Fl ( 1 RIOR J=I. NITTAREN ) LYFE YY SAFER AL (> Key yy) 
1-1) [E] AR «YAM oy kže £> oH ~4|[77u0-k “LA %€60 ngl, [3H ZLAŞEG6Ong)] 


SCO HE ANC ee Hut 

4.8\7FF OfeteRpiePASielC ORE. RERVUABORS iE M7515 
PF S7OPI (4.9% ) 525 ¢F1= HJE H (ERRER AGE AE rts) A BO5IL, TD E7 ne 
ONL BAI] Pl (1.2% ), BAT EL 60 Pl (0.8% ) (ETH 39 fal ( goxi: F 29451] (0.4%), 
Ws 4.20 fF (0.3% ) F Cho. (FE ie Bt i ARH AI: 1999 4F 3 YY) OR EER MME 
fe Hii ey ML fi: OBR ak idl ee NAU a H, 24 fil ( 60.0%) 65 PHI RITE 
FEY (EER Ke Pie Sts) DBOSN,. TO ELSON Pl 22.5%), LDH_E 
1-5 T7(12.5%), EY) Vier A Fill 10.0%), (ETH 3 Fill (7.5%), FH] 3 Pl (7.5% ) , 
ASP (7.5%) bYZ VETTE EASA (7.5% ) Cd 7: 0 ( SH HE IE DF: 19994699 ) 
(MEARE 1) Be 8 [ok HH AM 0.1 90 A ) SPACE eam (0.1% Acie) Bip 


Hb HERE). REHM % AS ith) ) RBA STILT, EERON 
7235 GNU PILL MO GMWBe TICE, 2Zyay7| (0.196 if) 237 
ET FCERMHAN TC, MRE + TILT, MLE T BA H t E gpa 


nee Aij PIEL 
ap £2 


A) IT ICE. 3) ERR | HE 

AY BCE i 38 HobMBZCER DNC PARE HITO AASB be 
ip x (S475 PIEL AW TICE. 4) PRE ee HE 7 
TELE RL (a AST(GOT ), ALT(GPT DEA- ZETAREN ES EDEL 
DAHANTC, MRE pie ITO IORI RAE FE PILL, HOE MaL Ty 
iaie 5) BRL | HE EA AN HA (£2 Lx : If FE? MoDILACER ESEA DT EA yE wps aD 
Di A zpk AY LATTICE. 6) ØRE BE AS AA 
AHIR DSDNA LNW ARALOC CRESE OONTB GIrls pe 
ILL KUZME k, E2) HE HEIDIO (ZOU CIS i RE AN AW 
[ABR] | 
et VE At ey MEE | SV YT HY REZ BE, FE EH A HO ee 
SE BIE ACA ATOM RELA E BY RIK seca 
MODINE TACE. 
BIO HOGA LOEREICOSEL Cid, MARLEE 

TAREE 


COPFOASYA1(IVUY (PGL) RANA Een] 
(NSTFOARSF KVIL) 


PILF = 2220 


DORNER’ 


Ba 2 


(ee -Eueomsancebbesece) 





23 PAF SABENA 
ACS AB LH EX HLS 17-1 
DERRE] Att RRR PREGAMEABTZ-3+11 


“TORAY’ 


S ERRE 


RL ADS AL 


Fram PREARSSH — TJ BIBS 


10/4f€RK.250X172mm 


Long-acting angiotensin T receptor antagonist 
Prescription drug™™” (Listed on the NHI drug price list) 


i BLOPRESS Tablets 2% 


(Candesartan Cilexetil tablets) 


Long-acting angiotensin E receptor antagonist / Diuretic Combination Drug 


Not 


Prescription drug™™ (Listed on the NHI drug price list) 


_ ECARD’ Combination Tablets LD&HD 


(Candesartan Cilexetil / Hydrochlorothiazide Combination Drug) 


Long-acting angiotensin I receptor antagonist / Long-acting Ca antagonist combination drug 
Powerful drug, Prescription drug” 


CÈ D UNISIA Combination Tablets LD&HD 


Me 


(Candesartan Cilexetil / Amlodipine Besilate Combination tablets) 


Note) Prescription drug :Caution-Use only aursuant to the prescription of a physician, etc. 


Please refer to the package insert a»eut CONTRAINDICATIONS, INDICATIONS, DOSAGE AND ADMINISTRATION and PRECAUTIONS. 


ao  eaquest for literature can be made to: 1-1, DOSHOMACHI 4-CHOME, CHUO-KU, OSAKA 540-8645, JAPAN 
KE2>> Takeda Pharmaceutical Company Limited _ http:/www.takeda.co jp/ 


(2010.12) 








TERVA 


O Ela SAA PR A 








Sales in Japan : 


ZERIA Pharmaceutical Co.,Ltd. 
10-11 Nihonbashi Kobuna-cho, Cruo-ku 
Tokyo 103-8351, Japan 

TEL.(03)3661-1039 

http://www.zeria.co.jp 


1330-1 Matsugaoka 


A (> M 


ILS 3% 


TJX- 


Ala fIYNY PRIF -RITEK 


x REJ, E - SOR. TRA A. LOE) SO 


ert INS CHIR RSL, 









Marketing authorization holder in Japan : 


Sakai Chemical Industry Co., Ltd. 


Kawachinagano, Osaka 586-0006, Japan 
http://www.sakai-chem.co.jp 


EEES 


sclerosing agent for varicose veins 


Polidocasklerol’ 


CLU ee) Se be) Ad) Me TA 











Inj. 2mL 









<polidocanol> 
Powerful drug, Prescription drug’ 


Listed on the NHI reimbursement price list 
Note ) : Caution : Use only according to prescription. 









Please refer to the package insert for further prescription 
information, precautions for use including Dosage, 
Administration, Warning, Contraindications. 










Manufacturer [For more information] : 
Chemische Fabrik Kreussler 
& Co.GmbH 


http://www.kreussler-chemie.de 












Nakamachi, 









2010.5 


EZ 
SSN 
LS NN 


%Y 





200 EPARKI 


900 TJY -— —JL 323 Lh 


EiS BB 4AYAY PRIF - RAT LILA ntl 


RU SARTETE <I RGED 
AD F Re MaRS B7 Eit 


Fy Re ART tt 
MOCHIDA §990120189-522 (43) F160-8515 


LIY>"—JLS300 
ITJX>"-JLS600 
IJX>"-JLS900 


H a D 


5-HT2 blocker ® Tablets 50ma-100 a 
A N PLAG Fin o crac ules 10% 


Sarpogrelate hydrochloride tablets > fine granules | Listed in the NHI reimbursement price | 








3 f to Ny Manufactured & Marketed by 
* Please refer to the package insert about details of'Contraindications? VG Mitsubishi Tanabe Pharma Corporation 
“Indications Dosage and administration’Precautions; etc. 2-6-18 Kitahama, Chuo-ku, Osaka 541-8505, Japan 


APG-(A4 1/2) 2011/01 


Didier Robcis / Interlinks Image - Dung Vo Trung / Interlinks Image - Denis Félix / Interlinks image 


Sanofi-aventis 


A diversified 
global healthcare 
leader, focused on 
patients’ needs 





sanofi-aventis K.K. sanofi aventis 


Tokyo Opera City Tower 3-20-2, Nishi Shinjuku, Shinjuku-ku, Tokyo 163-1488, Japan 
www.sanofi-aventis.co.jp Because health matters 





~<— ~ 


P astellas 


Long-acting calcium channel blocker / [sted on NHI 
Inhibitor of HMG-CoA reductase frag pret Q: 5m 


e = 2.5m 

ET C È cortinan D in 
Amlodipine Besilate - Atorvastatin Calcium Hydrate a@ 5mg/ 
Caution-Use only pursuant to the prescription o? physician, etc 


X Please refer to the package insert about RELATIVE CONTRAINDICATIONS, 
INDICATION, DOSAGE AND ADMINISTRATION and PRECAUTIONS. 


Manufactured and Distributed Co-promotion 


Pfizer Japan Inc. Astellas Pharma Inc. 


3-22-7 Yoyogi, Shibuya-ku, 17-1, Hasune 3-chome, Itabashi-ku Tokyo, 174-8612, Japan 
Tokyo 151-8589, Japan 
Inquiries regarding drug information: 
Drug Information Center 

SABRINA © Paramount Pictures Corp. All rights reserved 


Audrey Hepbum™ Trademark & image Rights: By Sean Ferrer and Luca Dotti. All Rights Reserved, Licensed by Licensing Artists, LLC 


2011.01 


Prescription drug(Caution:Use only as directed by a physician.) 
Proton Pump se [Listed a the NHI Drug Tariff] 


P {f 10mg tablets 
ar ie 20mg tablets 
(Sodium Rabeprazole Preparation> 


@For "Indications", "Dosage and Administration’, 
and "Precautions including Contraindications”, 
Please refer to the package insert. 


Manufactured and Marketed by 


Eisai Co., Ltd. 


6-10,Koishikawa 4-chome,Bunkyo-ku, Tokyo 


Further information is available on your request: 
CUSTOMER INFORMATION SERVICE 





PRT1009M11 


ISSN 1881-641X 


min.j 


http 


l 
| 
th 
i 
\ 


| 


//www.avd.u jp/ 


i 

l 

SY. 
h 

! 


ty for Vascular Surgery 
Asian Venous Forum 


ocie 


E 
7 
< 





DRUG HIGHLY AFFINITIVE 
AT: RECEPTOR BLOCKER erable ners 


= I TEC a 
Ð A O AED K Tablets Smg Tablets10mg 
A > Tablets20mg Tablets40mg 


Olmesartan medoxomil tablets 
Designated drug and Prescription-only drug* 


* Caution: Use only pursuant to the prescription or directions of a physician, etc. 
* Please see the Package Insert when you need to know about the indication, the dosage and administration, and the precautions 


Manufactured (and Distributed) by 


© DAIICHI SANKYO CO., LTD. 


2010 7AE (1102) 





a 


l AVD > oe 
Vol. 4 No. 2 te Asian Society for Vascular Surgery 
June Annals.of Vascular Diseases Asian Venous Forum 
2011 
CONTENTS 
Original Article 
79 Correlation between Changes in Leg Blood Flow and Ankle-Brachial Pressure Index: 


93 


99 


106 


110 


115 


A Study Using Laser Doppler Flowmeter —The 1st Report— 
Kazuyoshi Suzuki, PT, Miho Sekiguchi, MD, PhD, Hirofumi Midorikawa, MD, PhD, 
Koichi Sato, MD, PhD, Kazuyoshi Akase, Renshi Sawada, D.Eng, 
and Shin-ichi Konno, MD, PhD ` 


Outcomes of Endovascular Intervention for Salvage of Failing Hemodialysis Access | 
Terence LX Tan, BMedSci, Kyin K May, MBBS, Peter A Robless, MD, 
MBChB, and Pei Ho, MBBS, FRCS, FHKAM 


Improve Morbidity and Mortality in Coronary Artery bypass Graft Surgery for Severe Atherosclerosis 
Shinji Kanemitsu, MD, PhD, Sawaka Tanabe, MD, Kensuke Ohue, MD, Hiroyuki Miyagawa, MD, 
Yoichiro Miyake, MD, and Manabu Okabe, MD, PhD 


Platelet Nitric Oxide Signaling System in Patients with Coronary Artery Disease 
Mahdi Garelnabi, PAD, Vinod Gupta, MD, Venkatesan Mallika, MD, and Jayashree Bhattacharjee, MD 


Ultrasonographic Character of Carotid Plaque and Postprocedural Brain Embolisms in Carotid 
Artery Stenting and Carotid Endarterectomy 

Hirosni Mitsuoka, MD, PhD, Tsunehiro Shintani, MD, PhD, Hidekazu Furuya, MD, PhD, 

Yoshinaga Nakao, MD, PhD, and Shigeki Higashi MD, PhD 


CHADS2 Score is a Poor Predictor of Non-cerebral Acute Arterial Occlusion in Patients with 


Non-valvular Atrial Fibrillation 
Kota Yamamoto, MD, PhD, Tadashi Kitaoka, MD, Harunobu Matsumoto, MD, 
Juno Deguchi, MD, PhD, Michio Shiibashi, PhD, and Osamu Sato, MD, PhD 


Preoperative HDL-C Predicts Later Cardiovascular Events after Abdominal Aortic Aneurysm Surgery 
Junichiro Takahashi, MD, Yutaka Wakamatsu, MD, Kouji Ishii, MD, Tsuyoshi Kanaoka, MD, 
Toshihiro Gohda, MD, Shigeyuki Sasaki, MD, and Yoshiro Matsui, MD 


Case Report 


121 


Fatal Pulmonary Thromboembolism due to Inferior Vena Cava Thrombosis 
Boonsak Hanterdsith, MD 


124 Delayed Postoperative Paraplegia and Graft Infection after a Thoracoabdominal Dissection _ 


Kengo Nishimura, MD, PhD, Azumi Matsumura, MD, Shigeto Miyasaka, MD, PhD, 
Hiroyuki Maeta, MD, PhD, Keisuke Morimoto, MD, PhD, and Iwao Taniguchi, MD, PhD 


128 


134 


139 


143 


154 


157 


161 


165 


Retrievable Inferior Vena Cava Filter and Catheter Directed Thrombolysis (CDT) for Treating a 19-year- 
old Man with Acute Myeloid Leukemia Complicated by Deep Vein Thrombosis (DVT): A Case Report 

Hiromi Muranishi, Ryosuke Zushi, Hiroki Nagata, Koji Hasegawa, 

Atsushi Nakagawa, and Hidefumi Hamada 


Sequential Dilatation of the Superior Gluteal Artery Following Coil Embolization of the Internal Iliac 
Artery and Endovascular Abdominal Aneurysm Repair: A Case Report 

Motoki Nakai. MD, Kouhei Nakata, MD, Morio Sato, MD, Akira Ikoma, MD, 

Hiroki Minemiguchi, MD, Nobuyuki Kawai, MD, Tetsuo Sonomura, MD, 

Arutoshi Hatada, Yoshiharu Nishimura, and Yoshitaka Okamura 


Iatrogenic Arteriovenous Fistula as a Cause for Leg Ulcers: A Case Report 
Kurian J Mylankal, Brian Johnson, and Duncan F Ettles 


Fibromuscular Dysplasia of the Lower Extremities 
Jin Okazaki, MD, PhD, Atsushi Guntani, MD, Kenichi Homma, MD, Ryoichi Kyuragi, MD, 
Eisuke Kawakubo, MD, and Yoshihiko Maehara, MD, PhD 


Surgical Repair of Arteriovenous Fistula Associated with linfrarenal Aorta-iliac Aneurysm; 
Report of Two Contrasting Cases 
Norihiro Kondo, MD, Kenji Takahashi, MD, Susumu Takeuchi, MD, and Kazuo Ito, MD 


Pseudoaneurysm in the Left Groin due to Ruptured Knitted Dacron Graft 
Masahro Ryugo, MD, Takumi Yasugi, MD, Mitsugi Nagashima, MD, 
Hirenori Izutani, MD, Toru Okamura, MD, Fumiaki Shikata, MD, 
Masashi Kawamura, MD, and Kanji Kawachi, MD 


Surgical Outcome of Two Difficult Cases with Predominant Proximal Pulmonary Artery Lesions of 
Chronic Thromboembolic Pulmonary Hypertension 

Takashi Murashita, MD, Hitoshi Ogino, MD, PhD, Hitoshi Matsuda, MD, PhD, Hiroaki Sasaki, MD, PhD, 

Hiroshi Tanaka, MD, PhD, Yutaka Iba, MD, Keitaro Doumae, MD, Tatsuki Fujiwara, MD, 

Masatoshi Shimada, MD, and Naoki Okuda, MD 


Transient Thrombocytosis after Endoveneus Laser Treatment for Primary Varicose 
Vein of the Lower Extremity 
Hiromitsu Sugawara, MD, Masataka Ichiki, MD, Keijyo Sai, MD, 
Keisuke Kamata, MD, and Makoto Ansai, MD 


A Combined Open and Endovascular Appreach to Treat a Persistent Sciatic 
Artery Aneurysm in an Obese Patient 
Mehim Malik, MD, Peter Fischer, MD, and Alim Khandekar, MD 


The 4th Annual Meeting of World Federation cf Vascular Societies 


168 


171 


Symposium 


Free Paper Session 





AVD | 
Annals of Vascular Diseases 


Asian Society for Vascular Surgery 
Asian Venous Forum 


Published by the Editorial Committee of Annals of Vascular Diseases 
c/o Medical Tribune Inc., 2-1-30, Kudan Minami, Chiyoda-ku, Tokyo, 102-0074, Japan 


The Annals of Vascular Diseases is an emerging journal launched from Japan in 2007. 

The Journal publishes peer-reviewed original articles, editorials, reviews, case reports and others in vascular 
research, vascular medicine, surgery, and the allied fields. Several journals dedicated to the vascular field exist in Asia in- 
cluding Japan. The Japanese College of Angiology, the Japanese Society for Vascular Surgery and the Japanese 
Society of Phlebology, therefore, collaborated to sponsor this new journal to jump-start the development and maturity of 
this growing field. Since October 2008 and June 2010, AVD has been the Official Journal of Asian Society for Vascular 
Surgery and Asian Venous Forum as well respectively. 

The Journal encourages and welcomes authors, particularly from Asian countries, to submit original professional works 
on clinical and other investigations relating to vascular diseases and angiology. 


Editor-in-Chief 


Nobuyuki Nakajima Yamagata 
Associate Editors 
Tetsuro Miyata Tokyo Stephen Cheng Hong Kong 
Tadahiro Sasajima Hokkaido Sopon Jirasiritham Thailand 
Hiroshi Shigematsu ‘Tokyo Young-Wook Kim Korea 

Yuqi Wang China 
Domestic (Japanese) Editorial Board 
Takayuki Asahara Kobe Sachio Kuribayashi Tokyo 
Masafumi Hirai Nagoya Masunori Matsuzaki Yamaguchi 
Toshiharu Ishii Tokyo Hitoshi Ogino Osaka 
Takehisa Iwai Tokyo Toshio Ohhashi Nagano 
Kimihiko Kichikawa Nara Takao Ohki Tokyo 
Kimihiro Komori Nagoya Takashi Ohta Nagoya 
Isse1 Komuro Chiba Yoshio Yazaki Tokyo 
Masahiko Kurabayashi Gunma Yoshikazu Yonemitsu Chiba 
international Editorial Board 
Mussaad M.S. Al-Salman Saudi Arabia In Sung Moon Korea 
Enrico Ascher USA Torben V. Schroeder Denmark 
Jean-Pierre Becquemin France Henrik Sillesen Denmark 
David Bergqvist Sweden Bauer Sumpio USA 
Ahmet Kursat Bozkurt Turkey Shoei-Shen Wang Taiwan 
Jan Brunkwall Germany 
Niaz Ahmed Choudhury Bangladesh 
Murnizal Dahian Indonesia 
Ricardo Etcheverry Argentina Editorial Office 
SRS SAER ve i c/o Medical Tribune Inc. 
Dong-Ik Kim Korea 2-1-30, Kudan Minami, Chiyoda-ku, Tokyo, 
Byung-Boong Lee USA 102-0074, Japan 
Yew Pung Leong Malaysia: Tel: +81-3-3239-7217, Fax: +81-3-3239-9375 
Mauri Lepintalo Finland E-mail: avd@nv-med.com 
James May Australia 





Instruction for Authors 


The Annals of Vascular Diseases (AVD) publishes 
Review Articles, Original Articles, Case Reports, How 
to Do It, Editorials (invited), other Invited Articles, 4nd 
others in the field of vascular research, medicine and sur- 
gery. All manuscripts are peer-reviewed. 

Although the publication of AVD is financially + 
ported by Japanese College of Angiology, The Japanes 
Society for Vascular Surgery and Japanese Society of 
Phlebology, submission to AVD is not only limitted te the 
members of the Societies but open for all non-member of 
the Societies. The submission to AVD is welcomed not 
only from Japanese but also from Asian countries and 
elsewhere. 






EDITORIAL POLICY 

We subscribe to the policy of uniform requirements 
for manuscripts submitted to biomedical journals: In- 
ternational Committee of Medical Journal Editors. Med 
Educ 1999; 33(1): 66-78 or http://www.icmje.org. 

A submitted article is original and has not been gub- 
lished elsewhere before, also article submitted to AVD is 
not undergoing to peer-review of other journal for pebli- 
cation. 

The corresponding author is responsible for ensuring that 
all authors have seen and approved of manuscript. Fach 
author should have participated sufficiently in the worx to 
take public responsibility for the content. Other contribu- 
tion should be acknowledged at the end of manuscript. 

Any finding, sponsorship or conflict must be stated. 
Materials relating to human investigation and anamal 
experiment are published on the understanding that vour 
local ethical committee has approved the work. 


Copyright 

All manuscripts submitted for consideration must be 
the original work of the author(s) and they must be certi- 
fied that the material has not been previously published 
in any language. All rights are reserved by the Annals 
of Vascular Diseases. No part of this publication may be 
reported in any form by any means, without the prior 
permission in writing from the association. 


Reprint Permission 

Permission requests may be submitted by E-mail. 
Please complete the request form and send to AVD Edi- 
torial Office avd@nv-med.com. Blanket permissions are 
not issued, 

You may download the form from the URL below. 

http://www.avd.umin.jp/print/ReprintPermission.paf 


DOUBLE PUBLICATION 

In cases of suspected double publication or plagiarism, 
the editors will clarify the matter with the authors and 
may contact the authors’ institution. 


SUBMISSION 

All manuscripts should be submitted via online sub- 
mission-peer-review system at http://www.editorialman- 
ager.com/avd/. 


1) Preparation of Manuscript 
Each of the following section should begin on a new 
page and all pages are numbered serially. 
- Title page 
- Abstract 
* Main text 
- References 
- Legends for table and figure 
- Tables (Image of data is not acceptable.) 
- Figures 
2) Length 
- Review Article: It is desirable to complete at a maxi- 
mum of printed 10 pages (8000 words). 
- Original Article: not more than printed 6 pages (4,800 
words). 
- Case Report: not more than printed 3 pages (2400 
words) 
- How to Do It: not more than printed 3 pages 2400 
words) 
- Editorial: not more than printed 2 pages (1,600 
words). 
*One page consists of approximately 800 words. 


3) Title Page 
The title page should give, 

- The title of the article 

- The authors’ names and affiliation 

* The name, address, telephone, fax and e-mail ad- 
dress of the corresponding author 

- The category for which the manuscript is being 
submitted. (Review Article, Original Article, Case 
Report, How to Do It, Editorial, or others) 

* Running title (not more than 50 characters) 

- Key words (not more than 5 for Review Article 
and Original Article, not more than 3 for Case Re- 
port and How to Do It) 


4) Abstract 
An abstract should not exceed 200 words for Review 








ae” 


Article and Original Article, 100 words for Case Report, 
How to Do It and Editorial. 
- Structured abstract for Original Article (Objective, 
Materials and Methods, Results, Conclusion) 
- Unstructured abstract for Review Article, Case 
Report, How to Do It, Editorial 


5) Main text 
- Original Article: in the format of introduction, 
materials and methods, results, discussion and 
conclusion 
* Case Report: in the format of introduction, case 
report, discussion and conclusion 


6) References 
Please ensure that you include all relevant references 
to previous articles in AVD. References should be typed 
with double spacing and cited in the Vancouver style. 
Unpublished communications should be cited in the 
text, in parentheses. In the text, references should be 
numbered consecutively by superscript: 1,2 or 1-3. Refer- 
ences should be listed in numerical order at the end of the 
article. The sequence for a journal article is: author(s), title 
of paper, journal name (abbreviated as in Index Medicus 
or written in full if no abbreviation quoted), year of publi- 
cation, volume number, first and last pages. The sequence 
for a book is: author(s), editor(s) or compiler(s), title and 
edition number, place of publication and publisher’s name, 
year of publication, first and last pages (if relevant). 
- Review Article: not limited. 
- Original Article: not more than 30 
- Case Report, How to Do It and Editorial: not more 
than 10. 


Examples: 

1. Stone DH, Brewster DC, Kwolek CJ, et al. Stent- 
graft versus open-surgical repair of the thoracic aorta: 
mid-term results. J Vasc Surg. 2006; 44: 1188-97. 

2. Roos DB. Transaxillary first rib resection for tho- 
racic outlet syndrome. In: Bergan JJ, Yao JST eds. Opera- 
tive Techniques in Vascular Surgery. New York: Grune 
and Stratton, 1980: 125-9. 


7) Tables and Figures 
- Review Article: not limited 
- Original Article: not more than 5 
- Case Report, How to Do It, Editorial: not more 
than 3 


PUBLICATION AND CHARGE 
Advance Publication 


Authors are asked to check proof galley around one 


month later of acceptance. Checking of proofs is the au- 
thor’s responsibility. Please proof carefully and return the 
corrected pages by email or fax. 

After checking, the manuscripts will be published on 
advance publication prior to issue online publication and 
print publication at http://www.jstage.jst.go.jp/browse/ 
avd/advpub/0/_contents. 


Online Issue Publication and Print Publication 

After allocation of accepted manuscripts, they will be 
published on issue online at http://www.jstage.jst.go.jp/ 
browse/avd/_vols and in print. 


Charge 

There will be free of charge for submission and peer- 
review. The number of pages for publication should be 
limited in accordance to the article types described as 
below for free page charge. Authors cover the costs of 
extra page, color printing and offprints. Invited Review 
Articles and Editorials and other invited articles will be 
published for free while offprints are at cost. 


1) Extra Page 
40,000 yen per every extra page will be charged to au- 
thors. Free of charge applies to: 
- Up to 10 pages for a Review Article 
- Up to 6 pages for an Original Article 
- Up to 3 pages for a Case Report and a How to Do It 


2) Color Reproduction 
- Online Publication: free of charge 
- Print Publication: 60,000 yen per every color 
page will be charged to authors. 
Authors may select black/white printing for free. 


3) Offprints 
Offprints of their published manuscript are available 
to authors by placing an order. 
- Up to 100 copies - 15,000 yen 
- 101 to 150 copies - 18,000 yen 
* [51 to 200 copies - 20,000 yen 
* 201 to 300 copies - 23,000 yen 


*Prices are subject to change without notice. 


Annals of Vascular Diseases Editorial Office 

Medical Tribune Inc., 2-1-30, Kudan Minami, Chiyoda- 
ku, Tokyo 102-0074, Japan 

Tel: +81-3-3239-7217, Fax: +81-3-3239-9375 

E-mail: ayd@nv-med.com 


eN 


Ann Vasc Dis Vol.4, No.2; 2011; pp 79-86 
© Annals of Vascular Diseases 2011 


> Original Article< 


doi:10.3400/avd.oa.10.01031 


Correlation between Changes in Leg Blood Flow and 
Ankle-Brachial Pressure Index: A Study Using Laser 
Doppler Flowmeter —The Ist Report— 


Kazuyoshi Suzuki, PT,"? Miho Sekiguchi, MD, PhD,” Hirofumi Midorikawa, MD, PhD,’ Koichi Sato, MD, PhD‘. 
Kazuyoshi Akase,° Renshi Sawada, D.Eng,” and Shin-ichi Konno, MD, PhD? 


Objective: The objective of this study was to use non-invasive laser Doppler flowmeter to measure changes 
in blood flow in peripheral vessels in the legs before and after stress induced by leg elevation stress test and 
investigate correlations with the ankle-brachial pressure index (ABI). 

Methods: Subjects included 28 patients over 20 years of age (mean, 73 years) who reported chiefly of leg 
symptoms such as intermittent claudication, numbness, chills, or cramps had been examined at the study 
institution, and agreed to participate in the study. The ABI of both legs was measured, and patients were 
divided into two groups: low ABI (ABI <0.9) and normal ABI (ABI 20.9). Blood flow in the big toe was 
measured using a box-type laser Doppler flowmeter before, during, and after leg-elevation stress. Ampli- 
tude of the recorded waveform and changes in blood flow were compared. | 

Results: Average ABI was 1.09 + 0.10 in the normal ABI group (33 legs) and 0.68 + 0.17 in the low ABI 
group (21 legs). Amplitude before and during stress was significantly smaller in the low ABI group than in 
the normal ABI group (p <0.01), and there was a significant correlation with ABI before and during 
stresses (r = 0.4606, r = 0.5048, respectively; p <0.05). Change in blood flow during stress was significantly 
lower in the low ABI group than in the normal ABI group (p <0.05). There was a significant correlation 
between change in blood flow during stress and ABI in both groups (r = 0.5073; p <0.05). There was also a 
significant correlation between change in blood flow and change in amplitude in both groups (r = 0.5477; 
p <0.05). 

Conclusion: Results of this study show, that comparing amplitude and change in blood flow before and 
after leg extension and elevation stress, there was a correlation between change in blood flow and ampli- 
tude, and ABI during stress. A box-type laser Doppler flowmeter may provide a means of screening for 
peripheral arterial disease. 


Key words: peripheral arterial disease, ankle-brachial pressure index, laser Doppler flowmeter, intermittent clau- 
dication, lumbar spinal stenosis 
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INTRODUCTION 


WE the increasing aging of society, the incidence 
of arteriosclerosis-related disorders such as ryper- 
tension, and cardiovascular disease is rising. Peripheral 
arterial disease (PAD) and lumbar spinal stenosis #LSS) 
sometimes have similar symptoms and commonly occur 
around the same age: thus it is important to distinguish 
these underlying conditions.” The overall prevalence of 
PAD is 3%-10%, rising to 15%-20% over the age of 70 


flects arterial lesions throughout the body, and the sur- 
vival rate is poor." It follows that PAD with intermittent 
vascular claudication requires early diagnosis and efer- 
ral to a vascular specialist for early treatment. Measure- 
ment of the ankle-brachial pressure index (ABI) is an ef- 
fective method of screening for PAD.” Pulse voluræ re- 
cording, toe brachial pressure index (TBD, Duplex ultra- 
sonography, and magnetic resonance angiographs. are 
non-invasive methods for diagnosis of PAD.” ABI does 
not show blood flow of the leg tissue directly. Instead, 
ABI is determined using laser Doppler flowmeter (LDF) 
along with blood pressure measurements.” © However, 
conventional LDF can only be used at rest and with pa- 
tients maintaining the same position. If a simple, now-in- 
vasive method to measure blood flow in the leg were 
available that allowed for continual leg movement, it 
would enable screening for vascular lesions. A micro 
wireless flowmeter integrated laser Doppler blood How- 
meter (MILDF) has been developed.’ MILDF pro- 
vides similar results to measurement of blood flow #ith 
conventional LDF. In addition, MILDF is wireless, perta- 
ble, and allows monitoring of diurnal blood flow veria- 
tion. The objective of this study was to use MILEY to 
measure changes in blood flow in the peripheral arteries 
of the leg before and after stress imposed by leg elevation 
stress test and to investigate their correlation with AB. 


SUBJECTS AND METHODS 


Subjects were 28 patients over 20 years of age who 
had been examined at the study institution due to report 
chiefly related to leg symptoms such as intermittent chy 
dication, numbness, chills, or cramps, and who proved 
informed consent to participate in the study. Subgcts 
included 26 men and 2 women, with a mean age of 73 
years (range, 57-91; most were in their 70s). This study 
was approved by the ethics committee of the facilmaes 
concerned. 








80 


ABI values were measured for both legs of the sub- 
jects. Subjects lay supine on a bed with blood pressure 
cuffs fitted to their upper arms and ankles on both sides, 
and their blood pressure was measured using a VaSera 
VS-1000 (Fukuda Denshi, Japan). Then, blood flow in 
both great toes was measured. The MILDF'"'” used in 
this study was a box type that measured 5.6 mm x 12.0 
mm x 17.5 mm and weighed 3 g (Fig. 1). This is approxi- 
mately 1/300 the size of conventional LDF. Blood flow 
signals detected by the sensor were transmitted to the 
main unit, where measurement values were displayed. 
The main unit was also a signal transmitter, capable of 
sending data directly to a computer by Bluetooth operat- 
ing on an industrial, science, and medical (ISM) 2.4- 
2.485 GHz wireless band. The blood flow waveform was 
continuously displayed on the computer screen and 
recorded from the data sent to the computer. As conven- 
tional LDF uses optical fibers for the input-output of 
laser light, movements of the optical fiber can result in 
noise. In this study, the fact that MILDF was wireless 
meant noise could be minimized. In addition, the minia- 
turized main unit also has the advantages of portability 
as well as the capability for continuous measurement and 
measurement during movement. It provides similar 
results to those of conventional LDE" Measurements 
were performed in the outcome patient room at room 
temperature of 18°C. Only the subject and two observers 
were in the room during measurements. 

The blood flow sensor was directly attached to the 
skin on one side of the great toe by double-sided tape. 
Subjects lay in the supine position, and blood flow mea- 
surements were started after subjects had spent at least 5 
min resting on the bed. The blood flow waveform was 
checked on the computer screen, and blood flow was 
continuously recorded before, during, and after stress, as 
follows. Blood flow was measured for 60 seconds (s) in a 
resting state (before stress). Next, leg extension and eleva- 
tion stress was imposed for 60 s, and blood flow was 
measured while the stress was imposed (during stress). 
The leg extension and elevation stress comprised elevat- 
ing the leg in an extended position at an angle of 60° 
from the bed.” The leg was then returned to the bed, and 
blood flow was measured for 60 s after the stress had 
finished (after stress). Blood flow in the big toe of the 
opposite leg was also measured in the same way. 

Blood flow waveform amplitude and change in blood 
flow were measured from the results obtained. Ampli- 
tude reflected each pulse beat. Amplitude was calculated 
from the waveform during each 60-s period before, 
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Fig. 1 Laser Doppler slowmeter. 
(a) Box-type blood flow sensor and (b) portable flowmeter 


main unit. 


during, and after stress by using 50-s periods excluding 
data from the 5 s before and after when the signal was 
affected by movement. Maximum and minimum ampli- 
tudes were selected from 10 points at 5-s intervals within 
the 50-s measurement periods, and the difference 
between them was taken as the amplitude size. Averages 
and standard deviations were calculated for the ampli- 
tudes at these 10 points before, during, and after stress, 
respectively. Change in amplitude was calculated by tak- 
ing the amplitude before stress as 100% and calculating 
the change in average amplitude during and after stress, 
with amplitude before stress as the standard. Change in 
blood flow was calculated by using the waveform during 
50-s intervals, excluding the 5 s before and after when 
the signal was affected by movement. The average of 
2500 blood flow plots during these 50 s was calculated. 
Change in blood flow was calculated by taking blood 
flow before stress as 100% and calculating the averages 
and standard deviations of the changes in blood flow 
during and after stress. 

Analysis was performed on two designated groups: 
one with normal ABI (ABI >0.9) and the other with low 
ABI (ABI <0.9).”” Amplitude size and change in blood 
flow were compared between the two groups using a 
t-test. A p value less than 0.05 was considered significant. 
The significance level was set at a risk factor <5%. Pear- 
son’s product-moment correlation coefficient was used to 
investigate correlations between ABI, amplitude size, and 
change in blood flow. A p value of less than 0.05 was 
considered significant. 
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RESULTS 


Analysis was performed on 54 of 56 legs in which 
blood flow was measured, excluding 2 legs for which the 
recorded waveform could not be analyzed. The normal 
ABI group comprised 33 legs, with an average ABI of 
1.09 + 0.10. The low ABI group comprised 21 legs, with 
an average ABI of 0.68 + 0.17. 


Blood flow waveform characteristics and amplitude 
size 

Blood flow waveforms were characterized by a large 
amplitude in the normal ABI group and by a small 
amplitude in the low ABI group (Fig. 2). Amplitude 
before stress was 5.7 + 2.8 ml (min 100 g) in the normal 
ABI group and 3.6 + 2.5 ml (min 100 g) in the low ABI 
group. Amplitude was significantly smaller in the low 
ABI group than the normal ABI group (p <0.01). There 
was a correlation between amplitude before stress and 
ABI (r = 0.4606; p <0.05) (Fig. 3a). 


Change in amplitude during stress 

The change in amplitude during stress was 73.9% + 
62.2% in the low ABI group and 108.7% + 42.6% in the 
normal ABI group. The amplitude was significantly 
decreased in the low ABI group compared with the nor- 
mal ABI group (p <0.05). The change in amplitude after 
stress was 100.9% + 19.4% in the low ABI group and 
104.5% + 23.8% in the normal ABI group. There was no 
significant difference between the two groups. There was 
a correlation between change in amplitude during stress 
and ABI (r = 0.5048; p <0.05) (Fig. 3b). 


Change in blood flow during stress 

The change in blood flow during stress was 44.5% + 
23.2% in the low ABI group and 66.0 + 18.5% in the nor- 
mal ABI group. The blood flow was significantly 
decreased in the low ABI group compared with the nor- 
mal ABI group (p <0.05). The change in blood flow after 
stress was 116.2% + 30.2% in the low ABI group and 
105.3% + 22.3% in the normal ABI group. There was no 
significant difference in change in blood flow between 
the two groups. There was a correlation between change 
in blood flow during stress and ABI (r = 0.5073; p <0.05) 
(Fig. 4). 

When the cut-off point of the blood flow change was 
defined as 60%, the flowmeter had a sensitivity of 71% and 
specificity of 58%. When cut-off point was 65%, the flow- 
meter had a sensitivity of 81% and a specificity of 55%. 
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Fig. 2 Blood flow waveform characteristics. 
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The blood flow waveform in the normal ABI group was of large amplitude, whereas the amplitude 


was small in the low ABI group. 
ABI, ankle-brachial pressure index 


Change in amplitude and change in blood flow 
There was a correlation between change in amplitude 
and change in blood flow (r = 0.5477; p <0.05) (Fig. 5). 


DISCUSSION 


Measurement of ABI is a useful testing method for 
PAD diagnosis. ABI values <0.9 have 95% sensitivity for 
the arteriographic detection of PAD. Specificity for 
angiographically documented PAD is 90%.’ ABI mea- 
surement is an essential requirement for PAD screen- 
ing.’ '” Although devices are available for the simple 
calculation of ABI, the laser Doppler flowmeter used in 
this study has the advantages of being non-invasive and 
enabling continuous blood flow measurement. In our 
results, we found differences between the normal ABI 
and low ABI groups in the blood flow waveforms 
recorded. The amplitude of the waveform was signifi- 
cantly smaller in the low ABI group compared with the 
normal ABI group. The change in amplitude as a result 
of the imposition of leg extension and elevation stress 
was also smaller in the low ABI group. In addition, there 
was a positive correlation between change in amplitude 
size and ABI, meaning that it may be possible to carry 
out screening for PAD by measuring the change in 


amplitude size before and during stress. 

We found that the change in blood flow as a result of 
the imposition of leg extension and elevation stress was 
significantly lower in the low ABI group compared with 
the normal ABI group. This means that there is little 
variation in blood flow in patients with PAD despite the 
imposition of stress. When the cut-off point of blood 
flow change was 65%, MILDF had a sensitivity of 81% 
and specificity of 58% in this study. A decrease in blood 
flow of more than 65% during leg elevation stress com- 
pared with blood flow at the rest (before stress) might 
indicate PAD. MILDF might be useful in the screening 
of PAD; however, the results in the present study did not 
consider the severity of PAD. Furthermore, a study with 
a large sample size is needed to evaluate whether MILDF 
could show the severity of PAD. In addition, there was a 
correlation between amplitude and change in blood flow. 
These results suggest that blood vessels have weak reac- 
tivity in cases of suspected PAD. ABI reflects the steno- 
sis or occlusion of large blood vessels in the legs, and 
there has been insufficient investigation to say whether 
or not it reflects blood flow in peripheral tissue. Never- 
theless, the positive correlation between change in blood 
flow and ABI suggests the possibility that ABI can be 
predicted from change in blood flow before and after leg 
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There was a correlation between amplitude and ABI before stress (r = 0.4606; b 
p <0.05). 
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There was a correlation between change in amplitude (%) and ABI during 
>» stress (r = 0.5048; p <0.05). 
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Fig. 4 Correlation between change in bloed flow and ABI. 
There was a correlation between change in blood flow and ABI (r= 0.5073; p <0.05). 
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Fig. 5 Correlation between change in amplitade and change in blood flow. 
There was a correlation between change in amplitude and change in blood flow 
(r = 0.5477; p <0.05). 
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extension and elevation stress test. This study included 
only a small number of patients, however, and was lim- 
ited by the fact that it was not possible to calculate the 
odds ratio for amplitude and change in blood flow that 
would constitute screening for PAD. If a large-scale study 
were carried out, this would enable the prediction of ABI 
from amplitude and change in blood flow. There are 
cases, however, in which it is not possible to obtain an 
accurate value for ABI because of a rise in ankle blood 
pressure due to diabetes, kidney failure, and vascular cal- 
cification. Cases which show false-positive ABI results 
should be examined using the TBI, which results in fewer 
false-positive findings compared with ABI. If TBI 
obtained by measuring blood pressure at the great toe is 
less than 0.7, then PAD is suspected.» ” In a comparison 
of TBI and ABI among patients who underwent exami- 
nation in a specialist vascular outpatient clinic, both ABI 
and TBI were low in 34% of cases.” In 17% of cases, 
ABI was normal, and only TBI was low.”” Because the 
MILDF used in this study measured peripheral blood 
flow in the great toe, it may also be applicable to screen- 
ing for vascular lesions in patients with other vascular 
disorders causing peripheral stenotic lesions, diabetes, 
and kidney failure. The present study, however, did not 
investigate whether there was any correlation among 
TBI, amplitude, and change in blood flow. Further 
research is required to determine whether there is any 
correlation between TBI and values measured by LDF. 
Further research is also required to determine whether 
PAD screening is possible in patients with PAD and LSS, 
both of which have characteristic symptoms of intermit- 
tent claudication and similar ages of onset. LSS is com- 
plicated by PAD in 6.7% of cases, occurs mainly in 
elderly people, and has a high frequency of cardiovascu- 
lar complications.”” Whether screening is possible in 
patients with LSS complicated by PAD requires further 
study. 

The MILDF used in this study has also been reported 
as a useful testing device for evaluating therapeutic effi- 
cacy in skin disorders.” It can also be anticipated to be 
of use as a tool for evaluating therapeutic efficacy in 
PAD patients. Further studies of blood flow waveform 
and changes in blood flow in PAD patients is required. 

The MILDF used in this study can be used to screen 
for low ABI, by comparing amplitude and change in 
blood flow before and after leg extension and elevation 
stress. When the cut-off point of blood flow change using 
MILDF is 65%, sensitivity for PAD is 81%. Further study 
may enable LDF to be used as a simple PAD screening 
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tool in outpatient clinics other than specialist vascular 
departments. 
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Outcomes of Endovascular Intervention for Salvage of 
Failing Hemodialysis Access 


Terence LX Tan, BMedSci, Kyin K May, MBBS, Peter A Robless, MD, MBCHB, and Pei Ho, MBBS, FRCS, 
FHKAM 


Objective: To investigate the effectiveness of endovascular balloon angioplasty to preserve the patency of 
failing hemodialysis arteriovenous fistulas (AVF) and prosthetic arteriovenous grafts (AVG). 

Methods: Patients on hemodialysis who received endovascular intervention for access problems were retro- 
spectively analyzed. Fistulography was performed on patients who were suspected to have access stenosis 
and balloon angioplasty performed in the same setting if a stenosis of 250% is detected. Patients were fol- 
lowed up for post-operative complications and access restenosis or failure. 

Results: 42 hemodialysis patients with 44 access sites (29 AVFs, 15 AVGs) required endovascular balloon 
angioplasty. There were no perioperative complications. Technical success rate was 100%. Median time 
from initial access creation to first balloon angioplasty was 13 months (2-146 months) for AVFs and 8 
months (2-71 months) for AVGs. 19 of 44 patients subsequently developed restenosis. Median time for rest- 
enosis or access failure was 11 months (1-18 months) for AVFs and 5 months (1-10 months) for AVGs. 
Kaplan-Meier analysis for access patency after endovascular intervention showed 72% patency at 6 months 
and 32% at 12 months. 

Conclusions: Endovascular balloon angioplasty is effective in restoring patency of failing hemodialysis 


accesses. Recurrence is common, and repeat interventions are required. 


Key words: angioplasty, arteriovenous fistula, arteriovenous graft, renal failure, hemodialysis 


INTRODUCTION 


utogenous arteriovenous fistulas (AVF) and pros- 
thetic arteriovenous grafts (AVG) are necessary for 
chronic end-stage renal failure patients on hemodialysis. 
AVFs are the preferred initial hemodialysis access due to 
their longer patency than AVGs.” AVGs, however, remain 
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clinically important in patients whom AVFs are not fea- 
sible, and possibly in special populations such as the el- 
derly.””” 

Hemodialysis accesses are prone to failure due to 
thrombosis, usually concomitant with stenosis over the 
anastomosis or outflow vein. Access thrombosis fre- 
quently requires semi-emergent salvage intervention, but 
outcomes are generally unfavorable. Patients eventually 
may require multiple salvage procedures to restore func- 
tionality or creation of a new access. Some patients 
require placement of central venous catheters in the 
interim whilst the hemodialysis access becomes fully 
functional. Alternatively, to prevent access failure, clini- 
cians can monitor the performance of these accesses and 
prophylactically provide interventions to rectify the 
hemodynamic problems and prolong their patency.” 

Our service currently provides endovascular interven- 
tions to haemodialysis patients with failing access. This 


87 


Tan TLX, et al. 


Table 1 Patient demographics 


S08 et teem RAMEN lt AAAA ANDA Ra i SN AR INE RARA SAA Bebb n en w 


Total 
Age (Mean + SD) SIREL 
Sex: Male (%) 24 (57.1%) 
Sex: Female (%) 18 (42.9%) 
Diabetes mellitus 32 (73%) 
Hypertension 37 (84%) 
Ischaemic heart disease 18 (41%) 
Hyperlipidaemia 25 (57%) 
Peripheral vascular disease 9 (21%) 
Stroke 6 (14%) 
Smokers, active 6 (14%) 


study aims to review the effectiveness of endovascular 
intervention for preservation of failing accesses. 


PATIENTS AND METHODS 


This study is approved by the institutional review 
board at our hospital. From August 2008 to March 2010, 
hemodialysis patients who received endovascular treat- 
ment for their dialysis access problem in the Vascular 
Surgery division of National University Hospital, Singa- 
pore, were retrospectively analyzed. The feature of fail- 
ing AVFs or AVGs included one or more of the follow- 
ing: 1) Reduced thrill of vascular access assessed by clin- 
ical palpation by a vascular surgeon (P Ho), 2) Docu- 
mented decreased dialysis flow rate defined by KDOQI 
guidelines” (access flow less than 600 ml/min, or less 
than 1000 ml/min with a more than 25% decrease over a 
four month period, 3) Documented increased venous 
pressure during dialysis as defined by KDOQI guide- 
lines” (venous pressure of more than 150 mmHg or a 
trend of persistent increasing pressure over time) 4) 
Stenosis detected by duplex ultrasound, 5) Non-matura- 
tion of an AVF six weeks post-creation. Patient demo- 
graphics and co-morbidities were documented. 

Fistulograms were offered to all patients with one or 
more of the above-mentioned features of vascular access 
failure. The degree of stenosis in the peri-anastomctic 
region, fistula/graft, outflow vein and central veins were 
assessed during fistulography. Endovascular intervention 
in the form of balloon angioplasty was performed in the 
same setting if a stenosis of 50% or more of the vessel 
diameter is detected on angiography, using either a sim- 
ple Wanda balloon (Boston Scientific, Natick, MA, USA) 
or a Peripheral cutting balloon (Boston Scientific, Natick, 
MA, USA). Cutting balloons were utilized for high grade 
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Decreased dialysis flow rates 26 (59.1%) 
Stenosis on duplex ultrasound 7 (15.9%) 
Lack of fistula maturation 4 (9.1%) 
2 (4.5%) 
2 (4.5%) 


Increased venous pressures 
Suspected thrombosis 


Difficulty in dialysis cannulation 2 (4.6%) 
Poor thrill on clinical examination 


1 (2.3%) 


stenosis (290% stenosis) or total occlusion on fistulogra- 
phy. or when a simple balloon did not result in satisfac- 
tory restoration of access patency (re-stenosis >50%). 
Completion fistulogram was performed immediately 
after angioplasty to determine success of the procedure. 
All patients were observed in the day surgery ward for 
two to three hours and discharged if no acute complica- 
tions (bleeding or thrombosis) were detected. AVFs and 
AVGs, which were functional for dialysis pre-interven- 
tion, were used for dialysis the day after angioplasty. 
Data are given as percentages and medians (range). 
Patency rates of hemodialysis access after initial salvage 
angioplasty were calculated according to the Kaplan- 
Meier method. Statistical analyses were performed using 
PASW Statistics 18 (IBM SPSS, Chicago, IL, USA). The 
fistulograms of the vascular accesses that require second- 
ary intervention were reviewed to compare the sites of 
obstruction in the initial and subsequent intervention. 


RESULTS 


During the study period, 42 patients with a total of 44 
hemodialysis accesses had stenosis confirmed by fistulo- 
gram and subsequently underwent balloon angioplasty 
for rectification of hemodynamic obstruction. 24 (57.1%) 
patients were male and 18 (42.9%) were female, with a 
mean age of 59.8 + 11.3 (Range, 28-82). Medical co-mor- 
bidities were common among the studied population: 32 
patients had diabetes mellitus (73%), 37 had hypertension 
(84%), 18 had ischaemic heart disease (41%), 25 had 
hyperlipidemia (57%), 9 had peripheral vascular disease 
(21%), and 6 had a history of stroke (14%). 6 of the 
patients were active smokers (14%) (Table 1). 

Of the 44 hemodialysis accesses, 29 (65.9%) were 
AVFs, and 15 (34.1%) were AVGs. Frequencies of the 
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Table 3 Median time from access creation to first endovascular intervention 


Median (months) 
AVF (n= 29) 13 
AVG (n= 15) 8 
Total (n = 44) 11 


Range (min-max) 
2-146 
2-71 
2-146 


Table 4 Median time from first endovascular intervention to subsequent access failure 


Median (months) 
AVF (n= 10) Fi 
AVG m=9) 5 
Total (n = 19) 8 


chief indication for fistulogram in the 44 accesses stud- 
ied are listed in Table 2. As shown, the majority of 


- patients were noted to have decreased access flow rates 


as measured during dialysis. The median time from 
access creation to the time of intervention was 13 months 
(Range, 2-146 months) for AVFs, and 8 months (Range, 
2—71 months) for AVGs, yielding an average, median 
interval of 11 months (Range, 2—146) for all 44 accesses 
(Table 3). 

The procedure success rate was 100%. No complica- 
tions, notably bleeding and thrombosis, were detected 
after the interventions. Of the four non-mature AVFs, 
three eventually matured after angioplasty and was able 
to be used for dialysis. The remaining one AVF failed to 
mature, and this patient required the creation of a new 
vascular access. All other salvaged accesses were func- 
tional for dialysis immediately post-intervention. 

After initial angioplasty, patients were followed up for 
a median of 5 months (Range, 1-18 months). 19 of the 44 
(43.2%, 10 AVFs and 9 AVGs) accesses initially revised 
eventually failed again. There was no significant differ- 
ence between the proportion of AVFs and AVGs that 
required a secondary procedure (34.5% AVFs, 60.0% 
AVGs, p = 0.097). On these 19 accesses, 11 accesses 
(57.9%) required a second angioplasty to restore patency, 
5 (26.3%) thrombosed, and required the creation of new 
hemodialysis access, 1 (5.3%) required a jump graft, 1 
(5.3%) required surgical revision, and 1 (5.3%) was con- 
verted to peritoneal dialysis after the access thrombosed. 

Analysis of fistulographs of the 11 accesses that 
required a second angioplasty showed that stenosis 
recurred at the same site in 7 (63.6%) accesses, occurred 
in both the old and a new site in 2 (18.2%) accesses, 
extended contiguously in 1 (9.19%) access, and receded 
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Range (min-max) 
1-18 
{~10 
1-18 


from two sites to one in 1 (9.1%) access. 

The median time from initial salvage angioplasty to 
re-intervention was 11 months (Range, 1-18 months) for 
AVFs and 5 months (Range, 1-10 months) for AVGs, 
yielding an average, median interval of 8 months (Range, 
1-18 months) (Table 4). During the study period, four 
patients died from causes unrelated to hemodialysis 
access procedure (two from acute myocardial infarction, 
one from septic shock and one from a bleeding duodenal 
ulcer). Kaplan-Meier curves for hemodialysis accesses 
after initial balloon angioplasty showed a patency rate of 
72% at 6 months and 32% at 12 months (Fig. 1). 


DISCUSSION 


Hemodialysis accesses in the form of AVFs or AVGs 
are integral to sustaining life in patients with established 
end-stage kidney disease. However, AV Fs, and especially 
AVGs, are prone to stenosis and thrombosis which may 
preclude hemodialysis. Abandonment of a primary access 
frequently necessitates the creation of secondary and 
even tertiary accesses. The need for additional interven- 
tions” in a group of patients already immunocompro- 
mised by renal disease results in increased hospital stays, 
increased economic costs,” and increased morbidity and 
mortality.” 

Thus, it is important for nephrologists and vascular 
surgeons to adopt strategies that will minimize morbidity 
and maximize quality of life when dealing with patients 
on hemodialysis. In 2006, the Dialysis Outcomes Quality 
Initiative (DOQI) published by the US National Kidney 
Foundation strongly recommended the placement of 
AVFs as a primary access for hemodialysis. This was 
based on research showing that patients with AVFs had a 
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Fig. 1 Kaplan-Meier analysis for dialysis access patency after first endovascular 


intervention. 


better overall quality of life than those with AVGs.” 
Indeed, most studies have subsequently showec that 
AVFs are beneficial compared to AVGs, with AVFs hav- 
ing greater primary patencies compared to AVGs.'°"'” 
This finding correlates with the results of the present 
study, where the median time needed from access cre- 
ation to initial intervention was 13 months for AVFs, and 
8 months for AVGs. Moreover, after the initial interven- 
tion, the time to develop restenosis or thrombosis was 
shorter in AVGs compared to AVFs. The shorter time 
taken for AVGs to develop stenosis and subsequent rest- 
enosis post-intervention indicates that patients with AVGs 
require more frequent interventions to maintain graft 
patency. AVGs, however, are nonetheless required in 
patients with inadequate upper arm veins and in those 
who have exhausted their autogenous venous capital. 
Some studies have shown that elderly” and diabetic 
patients” with AVGs have better access patency rates 
when compared to similar patients with AVFs, indicating 
that patient co-morbidities and demographics may play 
an important role in determining the best hemodialysis 
access type. 

In this study, decreased flow rates and increased 
venous pressures measured during dialysis were the chief 
reasons suggesting that a patient’s hemodialysis access 
was failing. This suggests that routine monitoring of 
access performance during dialysis is useful in picking 
up early access failure for salvage intervention. Some cli- 
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nicians advocate a regular surveillance program involv- 
ing dialysis flow parameters’ '” or duplex ultrasound 
imaging,” in addition to standard of care clinical moni- 
toring to detect and prophylactically intervene with fail- 
ing hemodialysis accesses. Research has shown that regu- 
lar surveillance may lead to improved quality of life for 
dialysis patients,” possibly from a reduction in the quan- 
tity of time spent in hospitals due to complications of 
access failure.” This benefit, however, has to be viewed 
in the context of unnecessarily exposing patients to 
increased numbers of salvage interventions as a conse- 
quence of routine surveillance.” ® Importantly, there is 
substantial evidence that regular surveillance of AVGs 
may not decrease the risk of graft thrombosis,” nor pro- 
long the time to graft abandonement.’* *” On the other 
hand, regular surveillance of AVFs does decrease the risk 
of access thrombosis,”’ but its effect on improving AVF 
patency is uncertain, with clinical trials producing con- 
flicting results.*' *” Surveillance protocols using ultra- 
sonography in previous studies have mostly monitored 
accesses every 3—4 monthly.” *** Given that the median 
time to initial and secondary intervention in this study 
for AVFs is 13 months and 11 months respectively, it is 
likely that a six-month surveillance programme will 
detect significant stenosis amenable to prophylactic inter- 
vention. A prospective comparative study investigating 
the patency rates of hemodynamic accesses and cost 
effectiveness under different surveillance intervals will 
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be needed to determine what the optimal surveillance 
interval should be. This longer interval between surveil- 
lance points may have the advantages of decreasing 
healthcare resources and costs required, ‘also prevent 
patients from undergoing multiple unnecessarily proce- 
dures. 

Percutaneous transluminal angioplasty (PTA) is the 
mainstay of treatment in stenosed hemodialysis access. 
With current techniques, PTA is a safe and useful inter- 
vention to restore access patency and preserve venous 
capital for future AVF or AVG creation.” PTA restores 
the luminal diameter of venous fistula by stretching and 
dissection of the vessel wall. This induces vascular dam- 
age and may cause subsequent restenosis.” Whether the 
mechanism of venous restenosis 1s similar to arterial rest- 
enosis is uncertain. However, in our experience, venous 
restenosis seems to recur more frequently than that of its 
arterial counterpart. Cutting balloon angioplesty reduces 
the amount of arterial wall damage by inducing a con- 
trolled fracture of atherosclerotic plaque. It 1s currently 
uncertain if cutting balloon angioplasty will reduce the 
recurrence rate of venous stenosis as compared to con- 
ventional balloon angioplasty. A recent study by Kariya 
et al?” showed no significant differences between these 
two techniques. Stenting of access stenosis is usually 
regarded as a second line option to balloon angioplasty 
and is usually performed only if balloon angioplasty is 
unsuccessful or with dissection. However, there is some 
evidence to suggest that stenting alone can improve pat- 
ency outcomes in both AVFs and AVGs.™ A recent 
study” © has also shown that combined balloon angio- 
plasty and stent-grafting confers an improved patency 
rate in AVGs with venous anastomotic stenosis over bal- 
loon angioplasty alone. It is not known if similar findings 
extend to AVFs. 


CONCLUSION 


Endovascular intervention in the form of balloon 
angioplasty is a safe and effective treatment for failing 
AVFs and AVGs. Re-stenosis is common and often 
requires further intervention in the form of repeat angio- 


plasty. 
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Objectives: Atherosclerosis has been identified as a risk factor for both morbidity and mortality in patients 
undergoing coronary artery bypass grafting (CABG). To investigate outcomes following CABG for severe 
atherosclerosis, and to determine whether different surgical techniques can reduce the risk of neurologic 
events in these patients. 

Methods: We studied 225 consecutive patients who underwent elective isolated CABG. Routine preopera- 
tive and intraoperative examinations identified patients with severe atherosclerosis. We compared the out- 
comes between patients with (group A; 42 ceses) and those without (group N; 183 cases) severe atherosclero- 
sis. 

Results: 36 patients (85.7%) in group A and 176 (96.2%) in group N underwent off-pump coronary artery 
bypass (OPCAB); 6 (14.3%) in group A and 7 3.8%) in group N underwent on-pump beating CABG. Three 
patients in group A suffered deep sternal infection (7.1%), and one suffered stroke (2.4%) compared with 
none in group N. No cerebral infarction or neurologic events occurred in patients who underwent OPCAB 
(n = 212, 94.2%). 

Conclusions: Prevalence of complications was significantly greater among patients with severe atheroscle- 
rotic disease who underwent OPCAB than in those without atherosclerotic disease. Careful selection of 


surgical strategies can prevent perioperative stroke and reduce mortality. 


Key words: coronary artery bypass graft, off-pump coronary artery bypass, atherosclerosis, stroke, complications 


INTRODUCTION 


s society ages and the use of percutaneous coronary 
interventions increases, the preoperative condition 
of candidates for coronary artery bypass grafting 
(CABG) is becoming increasingly complex. The number 
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of patients with severe atherosclerosis has also recently 
increased. Severe atherosclerotic disease has been identi- 
fied as an independent risk factor for mortality and 
stroke’ ” in patients undergoing coronary revasculariza- 
tion, and can be associated with an operative mortality as 
high as 14.3%.” Careful choice of surgical techniques 
might reduce the risk of neurologic events in these pa- 
tients. Off-pump coronary artery bypass (OPCAB) has 
gained worldwide popularity.” Comparative reports 
demonstrate significant reductions in mortality and ma- 
jor neurologic events following the use of OPCAB.*” In 
this study, we compared the outcomes of CABG in pa- 
tients with and without severe atherosclerosis. We investi- 
gated the hypothesis that different surgical techniques 
might prevent neurologic events and reduce mortality in 
those with severe atherosclerosis. 
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PATIENTS AND METHODS 


Patients 

The final study population consisted of consecutive 
male and female patients who underwent elective isolated 
CABG at Kochi Health Sciences Center (Kochi, Japan) 
between January 2005 and September 2008. We com- 
pared the outcomes between patients with (group A) and 
those without (group N) severe atherosclerotic disease. 
As a retrospective study, this study did not require 
approval by our Institutional Review Board. 

A total of 373 patients underwent CABG at our insti- 
tution between January 2005 and September 2008. Elec- 
tive isolated CABG was performed in 225 consecutive 
patients; they comprised the final study group. OPCAB 
was performed in 212 patients (94.2%). Preoperative and 
intraoperative screening identified 42 (18.7%) patients 
with severe atherosclerotic disease (group A). They were 
compared with those in group N (patients without ath- 
erosclerotic disease; n = 183, 81.3%). 


Screening for atherosclerotic disease 

We evaluated atherosclerotic lesions in all patients 
using routine, preoperative cervical vessel echogrephy, 
thoracicoabdominal computed tomography (CT), and 
intraoperative epiaortic echography. Patients were diag- 
nosed with severe atherosclerotic disease (group A) if 
they met any of the following criteria: 

i. Carotid artery with severe stenosis (>70%) measured 
by the NASCET (North American Symptomatic Carotid 
Endarterectomy Trial) method.” 

ii. Ascending aorta or aortic arch with an atheroscle- 
rotic lesion so severe that it was difficult and risky to 
maneuver it. Mild atheroma was defined as a localized 
atherosclerotic thickening of <3 mm, moderate atheroma 
as atherosclerotic thickening between 3-5 mm, and 
severe atheroma as atherosclerotic thickening >5 mm. 
Protruding or mobile plaques were recorded separately. 
We defined significant atheromatous disease (moderate- 
severe) as severe atherosclerotic disease.” 

iii. Severe atherosclerotic lesion in the descending 
aorta, iliac arteries, or femoral arteries. In these cases, it 
was judged impossible to cannulate the extracorporeal 
circulation or perform intra-aortic balloon pumping 
(IABP) without undue risk. 

Intraoperative examination of the ascending to the 
descending aorta was routinely performed by both 
transesophageal echocardiography (TEE) and epiaortic 
echography. When the patient had severe atherosclerosis 
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of the ascending aorta on TEE, echocardiography and 
manual palpation were performed to evaluate potential 
sites for arterial cannulation and side clamp application. 
In cases of an ascending aorta with a severe atheroscle- 
rotic lesion, we used a no-touch aorta technique and 
selected axillary cannulation if extracorporeal circulation 
was necessary. We used the method described by Ware- 
ing et al.” to classify and grade the severity of aortic 
atheromas. 


Surgical procedures in coronary artery bypass graft- 
ing 

The surgical methods did not change during the study. 
The majority of cases involved the use of our original 
OPCAB technique; this approach has been previously 
described; a series of techniques and instruments were 
developed to provide access to the circumflex area while 
hemodynamic stability was preserved, including the left 
pericardial traction technique, compression of the right 
pericardium, and a right sternal retractor.” We used car- 
diopulmonary bypass (CPB) in a standardized fashion, 
with a membrane oxygenator and a roller pump to per- 
form OPCAB. We anastomosed proximal side under side 
aortic clamping, but we had no cross-clamping. No con- 
ventional CABG was performed in this study. All 
patients received 100 mg/day of aspirin before surgery; 
some also received clopidogrel (Plavix; Bristol-Myers 
Squibb/Sanofi Pharmaceuticals Partnership). All anti- 
platelet drugs were administered until surgery. Warfarin 
(Coumadin; Bristol-Myers Squibb, Princeton, New Jersey, 
USA) was titrated postoperatively to an international nor- 
malized ratio (INR) goal of 1.7-2.2. Many patients 
received continuous intravenous heparin (Hep-Lock, 
Liquaemin; Celsus Laboratories, Inc., Cincinnati, Ohio, 
USA) from the day after surgery until a target INR of 1.7 
was achieved, 


Diagnosis of brain infarction 

Stroke was defined as the event of any new global or 
focal neurological deficit of presumed vascular origin 
lasting more than 24 h that could be evident soon after 
emergence from anesthesia (early stroke) or after first 
awaking without any neurological deficits (delayed 
stroke) until hospital discharge. A cerebrovascular acci- 
dent diagnosed clinically either by an intensivist or neu- 
rologist was always confirmed by CT or magnetic reso- 
nance imaging. Stroke etiologies were identified and 
classified as either thromboembolism or hypoperfusion. 
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Table 1 Patient preoperative demographics 


Group N (n= 183) Group A (n= 42) p Value 
Age 69.8 + 8.9 TISEI p<0.01 
> 75 years old 68 (37.2%) 26 (61.9%) p <0.001 
Sex (male) 132 (72.1%) 35 (83.3%) NS 
Diabetes mellitus 72 (39.3%) 18 (42.8%) NS 
Hemodialysis 9 (4.9%) 4 (9.5%) NS 
Poor LVEF (<50%) 24 (13.1%) 6 (14.3%) NS 
Logistic EuroSCORE 3.1642.2 5.39 +2.9 p <0.001 





LVEF, left ventricular ejection fraction 


Table 2 Surgical characteristics 





Group N (n = 183) 


Group A (n = 42) 


Intra operative IABP 30 (16.4%) 2 (4.8%) 
Conventional CABG 0 (0%) 0 (0%) 
On-pump beating 7 (3.8%) 6 (14.3%) 
Axillary artery cannulation 0 (0%) 4 (9.5%) 
OPCAB 176 (96.2%) 36 (85.7%) 
Aorta no-touch technique 74 (40.4%) 27 (64.3%) 
Total distal anastomoses 3.0 2.6 


IABP, intra aortic balloon pumping; CABG, coronary artery bypass grafting; OPCAB, 


off-pump coronary artery bypass 


Statistical analysis | 
Patient data were collected retrospectively. Continuous 
variables are reported as means + SD. Univariate analysis 
was carried out using the X test to determine significant 
differences. Fisher’s exact test was used to analyze 
between-group differences in categorical variables, Sta- 
tistical significance was set at p <0.05. We used SPSS 
version 11.0 (SPSS Inc, Chicago, IL, USA) to perform sta- 


tistical analyses. 
RESULTS ! 


Preoperative demographics and cardiovascular risk 
factors are listed in Table 1. Group A had significantly 
more patients aged >75 years. Both groups were predom- 
inantly male, and almost 40% of patients had diabetes 
mellitus. In group A, four (9.5%) patients were receiving 
hemodialysis; this was not significantly different from 
group N. Poor left ventricular ejection function (<0.5) 
was present in six (14.3%) and 24 (13.1%) patients in 
groups A and N, respectively. The logistic EuroSCORE 
was significantly higher in group A than in group N (5.39 
+ 2.9 vs. 3.16 + 2.2, p <0.001). 
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Surgical characteristics are shown in Table 2. OPCAB 
was performed in 36 of 42 patients (85.7%) in group A, 
and 176 of 183 patients (96.2%) in group N; on-pump 
CABG was performed in 6 group A patients. The aorta 
no-touch technique was used more frequently in group A 
compared with group N [27 (64.3%) vs. 74 (40.4%); p 
<0.001]. In group A, axillary artery cannulation was per- 
formed in four of the six cases of CABG with on-pump 
beating. The mean numbers of distal anastomoses were 
2.6 in group A and 3.0 in group N. 

Postoperative complications and in-hospital mortality 
are shown in Table 3. All patients were in sinus rhythm 
on preoperative electrocardiogram. Postoperative atrial 
fibrillation occurred in six (14.3%) patients in group A 
compared with 23 (12.6%) in group N; the difference was 
not significant. Patients in group A were more likely to 
have other postoperative complications (including respi- 
ratory insufficiency and deep sternal infection). No one 
in group N suffered perioperative stroke. One patient in 
group A who underwent CABG with on-pump beating 
had a late stroke (watershed lesion infarction) 6 days after 
surgery. This was due to low perfusion. No cerebral 
infarction or neurologic defects occurred in OPCAB 
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Table 3 Complications and mortality 


A TN RL eeir YM meinen ae antenatal A SEATA A AEA HIE VAA AA AEA see ok AEA e PAA nee A ue nl Abr mnre: Hinn. neen: Shatin nnmnnn 
mnaman rmannannannsnnnaa naani: anmannan paas ornare 


eee Group N (n=183) Group A (n=42) p 
Postoperative atrial fibrillation 23 (12.6%) 6 (14.3%) NS 
Prolonged respiratory failure 7 (3.8%) 3 (7.1%) NS 
Deep sternal infection 0 (0%) 301%) <0).00] 
Stroke 0 (0%) 1 (2.4%) <0.05 
In-hospital mortality 0 (0%) 0 (0%) NS 





patients (n = 212). No hospital death occurred in e:ther 
group during the study period. 


DISCUSSION 


This study showed a significant association between 
severe atherosclerotic disease and increased incidence of 
postoperative complications, but not perioperative stroke. 
Our data suggest that severe atherosclerosis was associ- 
ated with peripheral circulatory failure and deep sternal 
infections. Use of axillary artery cannulation, OPCAB, 
and the no-touch aorta technique reduced morbidity and 
mortality in those with severe atherosclerosis. 

OPCAB has gained worldwide popularity® ™ and is 
associated with fewer postoperative complications and 
shorter lengths of stay in the hospital or intensive care 
unit than conventional CABG.” Nonrandomized studies 
report significant reductions in mortality and major neu- 
rologic events with OPCAB.® ” In a comparison of 
OPCAB and conventional CABG, Mack et al.” demon- 
strated that the elimination of CPB improved early sur- 
vival in CABG patients, with a significant difference m 
mortality between the OPCAB and conventional CABG 
groups (1.9% vs. 3.5%). Other studies that compare 
OPCAB and conventional CABG also show that use of 
OPCAB in patients with severe atheromatous aortic dis- 
ease is associated with significantly lower mortality, peri- 
operative stroke, and overall complications.” '? A recent 
case-matched report demonstrated a hospital survival 
benefit in specific high-risk OPCAB patients. ™” These 
findings are consistent with our outcomes. 

Severe atherosclerosis of the ascending aorta and arch 
is known to increase the risk of mortality and periopera- 
tive stroke in CABG patients.” In a recent review of more 
than 35000 patients, the stroke rate ranged from 0.0%- 
3.9% after isolated CABG, with a mean rate of 2%; 
stroke mortality ranged from 13%-25%." Data show that 
the incidence of stroke remains high in patients with 
moderate or severe ascending aortic disease when CPB 
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(guided by epiaortic scanning) and minor modifications 
in surgical strategy are used,” and that mortality is exces- 
sive (24.8%) in patients who have a stroke.” Calafiore et 
al. note that limited or no manipulation of the ascending 
aorta in patients with severe atheromatous aortic disease 
is important.” We found that avoiding CPB and manipu- 
lation of the aorta improved outcomes in this subset of 
high-risk patients. 

We routinely use intraoperative epiaortic scanning to 
identify atheromatous aortic disease in all patients sched- 
uled to undergo CABG. If atheromatous aortic disease 
present, we use a no-touch technique for the aorta with 
OPCAB, or axillary artery cannulation and on-pump 
beating with CPB. These can be accomplished using in 
situ arterial grafts. In this study, identification of athero- 
sclerosis of the ascending aorta by preoperative examina- 
tion or intraoperative epiaortic scanning prompted the 
use of the aorta no-touch technique in 27 of 42 patients 
(64.3%). Wareing et al.” reported that when conventional 
CPB was used, the stroke rate was 1.1% in patients with 
normal or mild atherosclerosis, 3.0% in moderate cases, 
and 4.8% in those with severe atherosclerosis. These find- 
ings indicate that intraoperative screening of the ascend- 
ing aorta might reduce the incidence of perioperative 
stroke.” 

It is not clear which options—avoiding CPB, avoiding 
aortic manipulation and proximal anastomosis, or elimi- 
nating CPB and aortic manipulation—might reduce the 
incidence of perioperative stroke. However, we had zero 
mortality using CPB, even in patients undergoing CABG 
under the on-pump beating. This suggests that CPB is not 
an independent risk factor for complications or mortality. 

The proportion of strokes caused by aortic atheroem- 
boli rather than concomitant cerebral atherosclerotic dis- 
ease has not been clearly defined.” However, data show 
that use of varied surgical techniques can reduce the 
incidence of perioperative stroke. Depending on the loca- 
tion of the disease, varied surgical techniques have 
included a no-touch technique for the ascending aorta, 
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use of in situ arterial grafts, and modifications in sites of 
cannulation and proximal anastomoses. In this study, tai- 
loring the surgical strategy to the results of cerebrovascu- 
lar and aortic evaluations reduced morbidity from 
CABG-associated perioperative stroke. 

Nakamura et al.” found that intensive management of 
cerebral hemodynamics and atheromatous aorta reduced 
perioperative stroke in CABG patients. Prophylactic 
cerebrovascular interventions reduced stroke risk in those 
with poor cerebral perfusion reserve due to cerebrovas- 
cular atherosclerosis. We performed single photon emis- 
sion computed tomography (SPECT) in a few patients in 
group A. One underwent superficial temporal artery to 
middle cerebral artery (STA-MCA) bypass, and another 
preoperative stent deployment in the carotid artery. No 
prior studies have shown any significant effect of STA- 
MCA bypass in preventing a subsequent stroke,”” but the 
patient who underwent it prior to CABG did not suffer a 
stroke. 

OPCAB techniques have recently been improved. 
Although cardiac output can be reduced during bypass of 
the left circumflex arteries, hypotension during anasto- 
mosis or conversion to CPB is rare. Nakamura et al” 
reported on the use of OPCAB without bypass of the dis- 
eased left circumflex arteries due to low aortic pressure. 
In this study, we safely performed off-pump coronary 
revascularization of the circumflex area using our origi- 
nal techniques and instruments, resulting in complete 
revascularization. 

Moazami et al reported that acute thrombosis may 
occur after cardiac surgery at the site of preexisting 
intracranial artery disease, but the administration of 
postoperative heparin did not independently reduce the 
risk of perioperative stroke. Perioperative management of 
aspirin therapy in patients undergoing coronary artery 
bypass surgery varies among surgeons and across medi- 
cal institutions. Studies indicate that discontinuation of 
aspirin therapy before CABG is associated with reduced 
mortality, without significant increases in hemorrhage, 
blood product requirements, or related morbidities. 
We continued preoperative antiplatelet therapy (aspirin, 
ticlopidine [Ticlid; Roche Laboratories, Nutley, New Jer- 
sey, USA] or clopidogrel), and administered postoperative 
heparin to all patients until their PT-INR was >17. 

Increased thrombogenicity and fluctuating blood pres- 
sure due to postoperative low output syndrome or atrial 
fibrillation are potential mechanisms of late stroke.?” 
Further studies of postoperative anticoagulation are 
needed to determine optimal strategies for preventing the 
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thrombotic occlusion of preexisting intracranial arterial 
stenosis. 


Limitations 

The limitations of this study include its small sample 
size, the use of retrospective patient data, the absence of 
a control group, and the fact that no patients underwent 
CABG using conventional on-pump techniques. Intensive 
management of cerebral vascular disease may have been 
useful, but was not performed because of increased cost. 
The strength of this study was the lack of a learning 
curve for OPCAB surgery; only a few experienced sur- 
geons have been performing by the unified techniques 
since 1999. 


CONCLUSIONS 


Although there was no mortality among patients 
undergoing elective isolated CABG, postoperative mor- 
bidity (deep sternal infection and stroke) was higher in 
those with severe atherosclerotic disease than in those 
without it. Data suggest that we can prevent perioperative 
stroke and minimize neurologic complications by tailor- 
ing surgical strategies (e.g, use of OPCAB, the aorta no- 
touch technique, or axillary artery can ii in 
patients with severe atherosclerosis. 

Preoperative vascular evaluation and tailored surgical 
strategies (various surgical techniques and perioperative 
drug management; antiplatelet and anticoagulation ther- 
apy) are critical to prevent complications, such as cere- 
bral infarction, and to improve outcomes after CABG. 
Nonetheless, other complications in patients with severe 
atherosclerosis remain a problem. Therefore, we sug- 
gested that perioperative blood glucose control and respi- 
ratory management become the most important to pre- 
vent other complications in patients with very severe ath- 
erosclerosis. Further studies are required to determine 
the costs and benefits of a more aggressive approach to 
preoperative vascular evaluation in patients requiring 
CABG. 
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Background: Coronary artery disease (CAD) is the leading cause of death worldwide, and the major cause 
of hospital admissions in the Western countries. The pathogenesis of CAD is closely related to nitric oxide 
release and formation. The purpose of this study was to investigate the status of platelets nitric oxide in 
patients with coronary artery disease. 

Methods: We measured platelets aggregation, cGMP, NO (nitrite/nitrate level), NO synthase activity, 
plasma NO, and ionized Ca” in 40 healthy volunteers and 120 patients with myocardial infarction, unsta- 
ble and stable angina, with 40 subjects in each group. The subjects’ age mean range was from 40—51 years. 

Results: Platelets aggregation, NO, cGMP, NO synthase activity, plasma NO and ionized Ca” have 
increased significantly (P <0.001) across the patients groups compared to controls. Platelets NO synthase 
activity (mean + SD / U / 10° platelets: in healthy controls, MI, unstable angina and stable angina patients 
were L19 + 0.56, 1.21 + 0.64, 1.64 + 0.98 and 1.57 + 0.81 respectively. The cGMP (mean + SD / pmole / 10° 
platelets) levels were 0.95 + 0.41, 1.53 + 0.64, 3.18 + 0.77, and 5.12 + 1.5 respectively. 

Conclusions: The present study demonstrated that platelets aggregation, NO, cGMP, NO synthase activity, 
plasma NO, and ionized Ca” profoundly increased in CAD. The increases in NO-cGMP components may 
have resulted as a compensatory respanse to ameliorate platelet activity and Ca% levels in CAD patients. 


Key words: cardiovascular disease, heart disease, nitric oxide, platelets, ischemic heart disease 


INTRODUCTION 


oronary artery disease (CAD) is the leading cause of 
death worldwide and the major cause of hospital ad- 
missions in Western countries.” The disease is a manifest 
of a progressive atherosclerosis disease that develops 
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from early childhood through a complex process mediat- 
ed by inflammation and oxidative stress.” ® Platelet con- 
tributes to the pathogenesis of cardiovascular disease, and 
its involvement in the pathogenesis of thrombosis-related 
complications is well-documented.” 

The nitric Oxide-Cyclic GMP signal transduction sys- 
tem has emerged as a ubiquitous pathway for intracellu- 
lar and intercellular communication.” Although NO 
release is known to improve endothelium performance 
and inhibit platelets function, NO may also forms the 
potent peroxynitrite that in turn, contributes to the oxida- 
tive damage. Nitric oxide derived reactive nitrogen spe- 
cies (RNS), such as nitrogen dioxide (NO,) and peroxyni- 
trite (ONOO ), are believed to mediate cellular oxidative 
damage. When NO is in excess of that required to acti- 
vate guanylate cyclase, it can inhibit glycolysis, the mito- 
chondria c respiratory chain and DNA replication. ” The 
pathogenesis of CAD is closely related to nitric oxide 
release and formation. Several studies suggest that the 
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basal release of NO by the endothelium contributes t the 
regulation of vascular tone,” blood flow, and blood pr=s- 
sure. NO inhibits platelet aggregation and adhesion to 
vascular endothelium. In addition, NO inhibits leukoc*te 
adhesion to endothelium.” Alteration of cellular calkiem 
homeostasis is also a critical event in ischemic ocart 
injury. NO, released by the endothelium or synthesized 
by platelets, participates in the regulation of Ca™ sinal- 
ing. The elevation of cGMP, as a result of the activz 





aton 
of guanylate cyclase by NO, stimulates a number of 
mechanisms that actively decrease calcium levels witkin 
the cell?" Although the NO-cGMP signaling syste is 
immensely investigated; sparse data are available per- 
taining to the role of platelet NO activity in CAD: The 
current study was designed to investigate the NO-cuPiP 
system in patients with CAD. 





MATERIALS AND METHODS 


All chemicals and reagents were of analytical grade. 
Naphthylenediamine, sulfanilamide, HEPES, ADP, 
nitrate reductase, methemoglobin and dithiothreitol w=re 
purchased from Sigma Chemical Co, USA; Radiomeszer, 
Denmark; reagents used for the determination of ionized 
Calcium (Ca**). cGMP ELISA kit was purchased frem 
Biomedical Technologies Inc, USA. The remainder of 
chemicals were purchased from Merck, Germany. 





Study design 

Recruitment and analysis were completed at G. E Pant 
Hospital and Mulana Azad Medical College, New De ‘hi, 
India. 

Study population: All subjects completed and signed 
a consent form explaining the voluntary nature cf “he 
study. The research protocol was approved by MA Medi- 
cal College and G B Pant Hospital Institutional Reve 
Board. The patients’ population consisted of 120 subjects 
diagnosed with ischemic heart diseases during their v-sit 
to the New Delhi city metropolitan Emergency Unit of 
LNJP Hospital and the Department of Cardiology a: CB. 
Pant Hospital. The patients initially complained of crest 
pain and were later diagnosed with ischemic heart eis- 
eases, according to the criteria of the New York Heart 
Association.” Patients with primary coagulopathy, bleed- 
ing diathesis, diabetes, or any other disease known to 
alter platelet activity, were excluded from the study. In 
addition, those who underwent angiographic imag ng 
studies and their findings failed to match with the crte- 
ria for the disease, or on drugs that may affect platelet 
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function or on prescribed lipid-lowering drugs, were 
dropped from the study. A group of 40 apparently 
healthy individuals, who belongs to similar socio-eco- 
nomic demography as that of the patients, and without 
any history suggestive of coronary artery disease were 
selected for the study from volunteers visiting the Blood 
Bank and the Out Patients Department (OPD) of G.B. 
Pant Hospital. 

Blood samples: 20 mL blood from fasting subjects 
was collected in vials containing 3.8% trisodium citrate 
anticoagulant and mixed gently by inversion. The platelet 
count was performed immediately as previously 
described.” Blood samples in plain vials were also col- 
lected and centrifuged at 2500 rpm, and serum was 
obtained. Platelet Rich Plasma (PRP) was prepared by 
centrifugation of the citrated blood at 1000 rpm for 15 
minutes at 37°C using polyethylene test tubes. The pro- 
cess for the PRP and platelets pellets preparation was 
completed within the first hour of the blood collection 
according to Fraser et al.’” 

Biochemical assays: Using enzymatic methods, 
serum total cholesterol (TC), triglycerides (TG), and 
high-density lipoproteins (HDL) were determined by 
reagents purchased from E. Merck (India), using an 
Olympus AU400 chemistry analyzer. 

Determination of platelets aggregation: Platelet 
ageregation was determined in the PRP by a previously 
described method’” using Chrono Log aggregometer 
model 560-CA make of Chrono Log Corporation of USA. 

Measurement of ionized calcium (Ca”): Ionized Cal- 
cium Ca™ in plasma was determined using ICA2 ionized 
calcium analyzer, of Radiometer, Copenhagen, Denmark. 

Measurement of nitric oxide: Nitric Oxide (NO) 
as nitrite/nitrate level in plasma or washed platelets 
suspensions determined indirectly, by the measure- 
ment of the stable by-products nitrate and nitrite, 
employing the Griess’s reaction according to the 
method of Mathew et al.” Briefly, in an oxygenated 
solution NO decomposes to form NO, and NQO,. These 
stable products can be determined using a spectropho- 
tometer assay. Nitrite is measurable by observing the 
magenta-colored azo dye that is formed from NO, and 
the Griess’s reagent. This requires that NO; be 
reduced to NO, using nitrate reductase. Griess reagent 
is a mixture of equal volumes of 0.2% (w/v) naphthyl- 
enediamine and 0.2% (w/v) sulfanilamide prepared in 
5% (v/v) phosphoric acid. The reagent was prepared 
freshly each time before use. Standard: 100 pmol 
Sodium nitrite stock solution was prepared and stored 
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at 4°C. Serial dilutions were carried out at the time of 


_ testing. 20-100 mol/L of standard dilutions were pre- 


pared for testing NO, in plasma, and 0.5-2 pmol/L 
dilutions were prepared for the estimation of NO, in 
washed platelets suspensions. Plasma samples were 
brought to room temperature before starting the assay. 
Washed platelet suspensions were subjected to a series 
of freeze and thaw cycles and sonication to ensure 
complete platelet membrane disruption. Platelets sus- 
pensions and standard aliquots were incubated for 30 
min at 37°C separately in tubes containing 0.2 U/mL 
nitrate reductase, 50 mmol HEPES buffer, 5 uM FAD, 
and 0.1 mmol NADPH in a total volume of 500 uL. 
Following incubation, 5 uL of 1 mmol potassium ferri- 
cyanide was added to each tube to oxidize any non- 
reacted NADPH, because reduced pyridine nucleotides 
(NADPH, NADH) strongly inhibit the Griess reaction. 
Samples were then incubated for an additional 10 min 
at 25°C. 1 mL of freshly prepared Griess reagent, then 
added to each tube, and the absorbance of each tube 
was determined at 543 nm, using a Syva S-111 spectro- 
photometer, from Gilford instrument Laboratories In., 
USA. Total nitrate and nitrite (mol/L) were calcu- 
lated from known standard concentrations. 

Determination of nitric oxide synthase activity: 
Nitric oxide synthase activity in washed platelets suspen- 
sions was determined by employing the reaction of NO 
with oxyhemoglobin, based on a modified method of 
Joan and Michael.” NO reacts with oxyhemoglobin to 
form methemoglobin which absorbs at 401 mm. 50 uL of 
washed platelet suspension, 20 uL HEPES (100 mmol/L, 
pH 7.5), 40 uL H,B (90 pmol/L) prepared in 100 mmol/L 
HEPES (pH 7.5) and dithiothreitol (100 mmol), 40 uL 
DL Valine (37 mmol/L), 10 pL CaCl, (6 mmol/L ), and 
10 pL MgCl, GO mmol/L) were added using a miroplate. 
The plate was incubated at 37°C for 10 min. 10 uL FAD 
(1.2 mmol/L), 20 uL NADPH (1.5 mmol/L) and 50 uL 
L-arginine (6 mmol/L) were then added, and the plate 
was further incubated for 15 min at 37°C. At the end of 
the incubation, the initial readings at 405 nm were imme- 
diately noted, and the increase in absorbance after 1, 2, 
and 3 min. was recorded. NOS activity in platelets was 
then calculated; the methemoglobin molar absorption 
coefficient is 60000 M” cm”. 

Determination of cyclic GMP: cGMP was measured 
in washed platelets suspensions using an enzyme immu- 
noassay (EIA) commercial kit supplied by Biomedical 
Technologies Inc., USA, an assay based on a previous 
method of Honma et al.” 
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Statistical analysis 

Data were analyzed with computer software (S-plus 6 
for Windows and SAS Software Release 8.2 packages). 
The results were expressed as mean + SD, and the signif- 
icance of the difference between the mean values of the 
groups were determined by the Student’s t test employing 
the ANOVA program. Spearman’s rank correlation was 
calculated to assess the association between the markers 
of NO-cGMP system and lipids or platelets function. 


RESULTS 


The subjects’ age mean range was from 40-51 years. 
The study population has a small number of female 
enrollment, across all the groups. | 

There is a significant increase in serum total choles- 
terol and triglycerides (P <0.001), in all CAD groups and 
a significant deceases in HDL (P <0.01), compared to 
HC, the calculated LDL was significantly (P <0.001) 
higher among the CAD groups compared to the controls. 

Platelets counts were notably higher in CAD patients 
with UA or SA than in patients with MI or healthy con- 
trols. The differences between the means of platelets 
counts (x 10°/L platelets) in HC Vs UA or SA are signifi- 
cant (P <0.01). Platelets aggregation in the CAD patients 
groups and healthy controls increased immensely com- 
pared to platelets aggregation in healthy controls. The 
differences between the means of platelets aggregation 
(%) in MI, UA, or SA, patients and the healthy controls 
are greatly significant (P <0.001). The respective means 
for the platelets aggregation (%) in HC, MI, UA and SA 
are 50.85 + 10.76, 70.95 + 15.85, 65.87 + 20.16, and 73.85 + 
16.67. We also measured plasma-ionized calcium in all 
subjects. Abreast with the platelet aggregation; the 
plasma ionized Ca” levels in CAD patients and HC have 
demonstrated a similar trend. Plasma Ca** in CAD 
groups significantly increased (P <0.001) compared to 
HC. The means + SD of Ca** (mmol/L) in the study pop- 
ulation were, 1.25 + 0.19, 1.41 + 0.18, 1.40 + 0.14, and 1.34 
+ 0.15 for HC, MI, UA and SA respectively. The ionized 
Ca” levels in SA patients are slightly low compared to 
the remaining CAD groups; however, the differences 
between their means were not significant (Fig. 1). 

Results of the various NO-cGMP system parameters 
studied in MI, UA, SA patients, and HC subjects are pre- 
sented in Table 1. Plasma nitric oxide (NO) levels have 
increased significantly (P <0.001) in MI and SA com- 
pared to HC, also increased in MI (P <0.001) compared 
to the remaining CAD groups. However, the difference 


101 


Gareinabi M, et al. 


Table 1 Platelets and plasma NO-cGMP variables 


aa ee gaa bat tity aA N A a SA A SA cc core oe ee A 








3 Plasma NO Platelets NO Platelets NOS atelets cGM 

u o Mean + SD Mean + SD Mean + SD gn SD. 
stash sacar ene ea SD De ee 

Healthy Controls ale ds. 92 1.47 + 0.67 1.19 +0.56 0.95 + 0.41 

MI 56.75 + 27.25 1.72 + 0.60 1.21 +0.64 1.53 + 0.64 
Unstable Angina 31:22 4 16.99 2.33 + 0.83 1.64 + 0.98 3.18 +0.77 

Stable Angina 38.17 + 17.69 225410 1.57 +0.81 S278 4.5 
P P <().001 P <0.001 P <0.005 P <0.001 


Table shows the levels of plasma NO, and platelets NO, cGMP, NO synthase activity in patients with 
CAD and healthy control. 





5 t 
? J 
i 
eF 
ee: 
2 
g 15+ pes 
g i { ss 
of o ame 
E 3 
, F i of 
“4+ +40 È 
od Le 
-S oog 
es E : 
Ro | 
057 +20 
f | 
i 
L | 
0-4- mielnennt 


Ca 2+ Aggregation 
o HC MI @ UA OSA 
Fig. 1 Platelets aggregation and plasma Ca” levels in 
all groups. 
Plasma Ca” mmol/L (left) and platelet aggrega- 
tion % (right) increases in CAD compared to 
HC, increases in Ca” may influence the platelet 
aggregation 


between HC and UA is not significant. Platelets NO lev- 
els were significantly (P <0.001) increased in UA and SA 
compared to HC or MI. The platelets NO levels, though 
increased in the MI group compared to HC; however, the 
difference was not statistically significant. Platelets NO 
correlated with platelets NO synthase activity (r = 0.557, 
P <0,001), and cGMP (r = 0.296, P <0.05). Platelet nitric 
oxide levels significantly correlated (P <0.0001) with 
nitric oxide synthase activity (r = 0.633) in patients with 
stable angina (Fig, 2). 

Platelets nitric oxide synthase activity levels in CAD 
patients and healthy controls were abreast with the 
NO-NO synthase activity trend. The NO synthase activ- 
ity levels among the study groups were similar to that 
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Fig. 2 NO- NOS levels in patients with stable angina. 
Platelet nitric oxide levels significantly correlated 
(P <0.0001) with nitric oxide synthase activity 
(r = 0.633) in patients with stable angina. 


depicted in platelets NO levels in CAD and HC groups; 
however, platelets NO synthase activity levels increased 
significantly in all CAD groups. The platelets cGMP lev- 
els in CAD patients and healthy controls as seen in Table 
1 have profoundly increased among CAD groups com- 
pared to HC (P <0.001). Among the CAD groups, patients 
with SA have shown greater increases in platelets cGMP 
levels (P <0.001), compared to the rest of the groups, like- 
wise, CGMP levels in UA patients significantly (P <0.001) 
increased compared to MI patients. Platelets CGMP levels 
correlated with platelets aggregation (r = 0. 461, P <0.001), 
and with platelets NOS activity (r = 0.338) in MI patients 
Fig. 3. Plasma ionized calcium (Ca”*) explicitly increased 
(P <0.001) in CAD groups compared to the healthy con- 
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Fig. 3 NOS- cGMP in MI patients. 
Platelets cGMP significantly correlated (P <0.001) 
with Nitric oxide synthase activity (r = 0.338) in MI 
patients. 


trols. 


DISCUSSION 


The major findings of this study are profound 
increases in NO-cGMP activity accompanied with 
increased Ca” levels in ischemic heart diseases. There is 
a paucity of data regarding NOS activity and the levels of 
platelet NO in CAD. There is no reported study to our 
knowledge, that compares the platelets NOS éctivity and 
NO levels among patients of CAD. There are several 
reports on NO levels in preeclampsia, hypertension, 
atherosclerosis, and heart failure showing a large spec- 
trum of ambiguity on the subject. Experiments conducted 
in hypertensive animals have shown a similar diversity of 
findings, with NO generation reported to be normal, 
decreased, or enhanced.” Studies with reduced NO 
basal production in patients with essential hypertension 
were reported. *» The data were largely attributed to the 
reduced bio-activity of NO. Our results are in accordance 
with previously reported findings” *; however, in con- 
tradiction with the study of Minamino et al. ° whose 
observations suggested that the bio-availability of nitric 
oxide may decrease in patients exposed to multiple risk 
factors, and, therefore, contributing to myocardial isch- 
emia and thrombotic vascular events. The ciscrepancy 
between the results of this study and that of others may 
be attributed to the fact that the plasma and platelets in 
this study were prepared from e venous peripheral blood; 
however, other studies have focused either on plasma NO 
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levels taken from the femoral artery, spastic sites, or 
evaluated the basal NO release indirectly in the arterial 
and coronary sinus venous blood by the measurement of 
the blood flow velocity, oxygen saturation, and the 
endothelium dependent vasodilation, after infusion of 
NO donors and inhibitors. 

Increased NO levels observed in the present study may 
support the hypothesis that increases in nitric oxide pro- 
duction may be a compensatory response to improve 
blood flow in the circulation, as suggested in a preec- 
lampsia study mentioned earlier.” It is also possible that 
the increased NO levels may have been a response to 
increased platelet aggregation and adhesion in the circu- 
lation. In contrast, the increase in platelets NO levels 
demonstrated in this study could be due to the NO diffu- 
sion from the plasma, as it is reported that the released 
endothelial NO enters adjacent platelets and inhibits its 
activation.” Increased platelet NOS activity is noted in 
this study, and the significant correlation between platelet 
cGMP and platelets NO levels could provide a plausible 
explanation to the increased platelets NO, which may _ 
have resulted from the increased NOS activity in CAD 
(Fig. 3). In addition, the positive correlation between 
NOS and cGMP seen in MI patients can explain the dif- 
ferences between the three types of CAD episodes inves- 
tigated in this study and may also indicate that the 
cGMP-NO system is activated at the initial stages of the 
disease. The turn on of the NO-NOS system during the 
initial stages of the disease may continue to compensate 
for the No imbalance with the development of the disease 
as evident in the positive relationship between the NO- 
NOS that is seen in patients with stable angina. This may 
suggest an enhanced NO-cGMP system because of the 
increased NO basal release, in response to the elevated 
platelets activity and increased Ca” influx. The molecu- 
lar mechanisms by which NO influences myocardial per- 
formance and platelets function are the subject of much 
investigation but remain largely unexplored. Much atten- 
tion has been paid to cGMP pathways; the elevation of 
intra-platelet cGMP levels was suggested to mediate the 
anti-aggregating activity of exogenous and endogenous 
NO.*® In platelets, cGMP inhibits agonist-induced 
increases in ionized Ca”*; this event could be a result of 
inhibition of both Ca” influx and Ca” mobilization and/ 
or a result of stimulation of Ca” sequestration. An eleva- 
tion in plasma ionized Ca?” may have contributed to the 
increased platelets Ca? (data not shown) as earlier sug- 
gested?” that the free calcium concentration in the extra- 
cellular fluid mediate and propagate the intracellular 
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Ca™ influx. It has been hypothesized that the inhibition 
of Ca” influx by NO is secondary to its initial effects on 
sequestration of Ca™ into the stores”; this agrees wah 
the previous findings of Okamoto, et al.” who studied 
the effects of NO on platelets Ca” inhibition. 

The major strength of this study is the ability to cen- 
trol for a number of factors that influence platelets func- 
tion, including antioxidants, vitamins, and other related 
drugs. A limitation of this study relates to its cross-séc- 
tional nature as we cannot determine whether the NQ- 
cGMP system negatively influenced CAD or vice versa. 
In this analysis, we investigated the current NO-cGMP 
system markers in CAD, and these measurements may 
not be representative of the long-term NO status in platz- 
lets or endothelial cells. Longitudinal studies would bet- 
ter elucidate how the NO-cGMP system and CAD are 
related. 

In conclusion, the present study demonstrated that the 
NO-cGMP signaling system concomitant Ca fluxes 
profoundly enhanced in CAD. NO and cGMP theuzh 
implicated previously in inhibiting Ca” influx, but seems 
to have an obscure or ancillary role to play to amelierate 
the Ca™ status, particularly in CAD patients. A further 
investigation is needed to elucidate distinctly the imtlu- 
ence of NO-cGMP in Ca” platelet influx associated with 
CAD. 
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Ultrasonographic Character of Carotid Plaque and Postpro- 
cedural Brain Embolisms in Carotid Artery Stenting and 
Carotid Endarterectomy 


Hiroshi Mitsuoka, MD, PhD,' Tsunehiro Shintani, MD, PhD,' Hidekazu Furuya, MD, PhD, 
Yoshinaga Nakao, MD, PhD,” and Shigeki Higashi MD, PhD“ 


Objective: To investigate ultrasonographic character of carotid plaques, and incidences of brain embolism 
in carotid angioplasty and stenting (CAS) and carotid endarterectomy (CEA). 

Materials and Methods: CEA (22/25 symptomatic lesions) and CAS (17/20 symptomatic lesions) between 
2007 and 2010. Embolic protection devices (15 occlusion and 5 filtering devices) were used during CAS. 
Carotid plaques were classified into three eategories (I: calcificated, H: intermediately echogenic, HI: echo- 
lucent). Magnetic resonance imaging (MRP) was used to investigate brain emboli. 

Results: Ultrasonographic character of the plaques in CEA cases (I: 4%, H: 88%, HI: 8%) was different 
from the one in CAS cases (I: 10%, I: 90%, IH: 0%). The incidence of brain embolism in the CAS cases was 
| 52.6 % while 0% in the CEA cases (p = 0.00037). CAS had high incidences of brain embolism in any 
| plaques (I: 100%, I: 43.8%). In the most recent 9 procedures of CAS using occlusion devices, averaged 
| number of embolic lesion was 1.0 (0 post operative day; 0 POD). The number increased as 1.4 (1 POD) and 
| 2.0 (7 POD). 

Conclusion: CEA should be currently the first choice for most patients with a high-grade and symptomatic 
carotid artery stenosis. 
| 

| 

| 


Key words: carotid endarterectomy, carotid angioplasty, brain embolism, diffusion-weighed magnetic resonance 
imaging, carotid plaque 


INTRODUCTION which are caused by embolic particles from carotid 


plaques. Especially, ultrasonographic frequency of embo- 





Ce angioplasty (CAS) emerged as an alternative 
treatment for carotid artery stenosis for carotid end- 
arterectomy (CEA) to prevent neurological ischemic 
events. Ironically, one of the frequent complicatiens in 
these invasive procedures is brain infarction, most of 
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lic events in CAS is significantly higher than in CEA.” 
The release of embolic materials may be related to the 
character of culprit plaques.” In the present study, we in- 
vestigated ultrasonographic character of carotid plaques 
(i.e. echolucent, intermediately echogenic, and calcificat- 
ed), and embolic events in CEA and CAS using diffusion- 
weighted magnetic resonance imaging (DW-MRI). The 
incidence of brain emboli was calculated in each catego- 
ry of ultrasonographic character, and safety and efficacy 
of both invasive procedures were evaluated. 


MATERIALS AND METHODS 


Between July 2007 and May 2010, 25 and 20 proce- 
dures of CEA and CAS were performed in our hospital. 


Annals of Vascular Diseases Vol. 4, No. 2 (2011) 





Before the treatments, all culprit lesions were examined 
by ultrasonography, and the plaques were categorized 
into three categories. Category I indicates the lesion with 
a highly calcified plaque, I intermediately echogenic, 
and II echolucent. CAS and CEA were indicated for 
symptomatic carotid lesions (at least 3 weeks after the 
most recent infarction, transient ischemic attack) and 
asymptomatic high-grade stenotic lesions 80% by 
NASCET method”). CEA was performed on 22 symp- 
tomatic lesions, or and 3 asymptomatic lesions, with a 
high-grade stenosis (70%—97%, MEAN 91.7%), while 
CAS on 17 symptomatic and 3 asymptomatic lesions 
(80%—97%, MEAN 89.5 %). 

Basically, CAS was indicated for CEA high-risk cases 
(19 out of 20 lesion), as defined by SAPPHIRE inclusion 
criteria.” In one case, although the patient had an ipsi-lat- 
eral radiation therapy for laryngeal cancer, the lesion 
with an echo-lucent plaque was treated by CEA. Embolic 
protection was performed using an occlusion balloon 
(Percu Serge, Medtronic, Santa Rosa, CA) in 15 CAS 
cases, or a filtering device (AngioGuard™ XP, Cordis 
Corporation, Johnson and Johnson, Miami, FL) in 5 of 
CAS cases. A closed cell type stent (Wallstent, Boston 
Scientific Corporation, Boston, MA) was used in combi- 
nation with the occlusion balloon, while an open cell type 
stent (Precise, Cordis Corporation, Johnson and Johnson, 
Miami, FL) was used with the filtering device. 

All patients were examined by neurologists pre- and 
post-procedurally. Pre- and post-procedural DW-MRIs 
were performed to investigate the postprocedural brain 
emboli within a post-procedural week, using Signa Hori- 
zon (GE health care, Japan), at the settings of TR/TE = 
1000/135 milliseconds, b factor = 1500, 6 mm thick slice, 
2 mm gap, and matrix size 128 x 128. An acute ischemic 
lesion was diagnosed when it was seen on DW-MRI 
images. To be considered indicative of acute injury, the 
lesion could not appear on pre-procedural imaging, and 
no corresponding FLAIR abnormality could be present 
for the lesion to be considered as acute. | 

The temporal distribution pattern of the post-proce- 
dural embolism was examined in the most recent 9 pro- 
cedures of CAS using an occlusion balloon for embolic 
protection and a closed cell type stent, using the results 
of repeated MRIs performed at either two of the follow- 
ing time-points; 0 post operative day (0 POD; 4 proce- 
dures), 24—48 hours (1 POD; 7 procedures), and a week 
after the procedure (7 POD; 5 procedures). The time 
points of consecutive MRIs were decided by the avail- 
ability of MRI facility in our hospital. Thus, MRIs were 
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available at 0 POD and IPOD (3 cases), 0 POD and 7 
POD (1 case), and 1 POD and 7 POD (5 cases). For statis- 
tical analysis, Kai-square method and t-test were used if 
applicable. 


RESULTS 


Neurological findings in the 30 postprocedural days 
One patient (5%) in the CAS group had ipsi-lateral 
reversible ischemic nerve damage, while one patient (4%) 
in the CEA group had a contra-lateral brain hemorrhage 
from brain metastasis of bladder cancer on the third 
postoperative day. Myocardial infarction, death, or cra- 
nial nerve injury was not experienced in these treatments. 


Postprocedural brain emboli detected by DW-MRI 

Incidence of brain embolism in the CAS case was 50.0 %. 
On the other hand, DW-MRI detected no brain emboli in 
the CEA cases (p = 0.00037). 


Temporal distribution pattern of the postprocedural 
embolism , 

The number of embolic lesion detected by MRI at 
<3 h was 1.0 on average. The number increased as 1.4 and 
2.0, at 1 POD and 7 POD. 


Sonographic categories and brain emboli 

Constitution of ultrasonographic character of the 
plaques in CEA cases (I: 4%, I: 88%, II: 8%) was differ- 
ent from the one in CAS cases (1: 10%, I: 90%, HI: 0%). 
CEA procedures resulted in 0 percent incidences of brain 
emboli, even in the cases of echo-lucent and risky 
plaques. On the other hand, CAS had high incidences of 
brain emboli in any ultrasonographic characters of 
plaques (I: 100%, I: 43.8%) (Fig. D. 


DISCUSSION 


DW-MRI revealed that CAS caused micro-brain 
emboli (MBE) in half of the cases, although similar neu- 
rological results were provided to those of CEA. Because 
of the limited number of the cases, there may be an 
effect of a learning curve, which may decrease the embo- 
lic events in CAS cases. However, considering a high per- 
centage of symptomatic cases involved (85%), the fre- 
quency of MBE did not seem significantly higher than 
the one in a larger scale study.” 

Symptomatic and asymptomatic carotid plaques seem 
to have considerably different pathophysiological charac- 
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Fig. 1 Sonographic categories and postprocedural brain emboli, 
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Left: Constitution of ultrasonographically categorized lesion in each treatment group. 

Right: Incidences of brain micro-emboli in CAS or CEA were separately shown in each category. Category I indicates the lesion 
with a highly calcified plaque, H intermediately echogenic, and IH echolucent. 

CAS, carotid angioplasty and stenting; CEA, carotid endarterectomy 


ters. More or less, symptomatic carotid lesions can be 
considered to have such unfavorable features, that releases 
embolic particles when activated by unknown mecha- 
nisms. In fact, embolic events are ultrasonographically 
detected more frequently in patients with recent neuro- 
logical symptoms, compared with patients having simi- 
larly high grades but asymptomatic carotid plaques.” ” 
During the CAS procedures, direct contact of the devices 
with such vulnerable lesions inevitably influences the 
release of plaque fragments. Moreover, as detected in this 
series, CAS leaves the atheromatous plaque, which may 
cause post-procedural emboli.” Thus, not only the usage 
of per-procedural embolic protection devices, but also 
understanding the pathophysiological character cf the 
plaques is essential to improve the results of carotid 
intervention. We did not treat the cases with echolucent 
plaques with CAS, because it suggests the instability of 
the culprit lesion and a “CAS high-risk” character, such 
as lipid rich core in the plaque or newly formed throm- 
bus.” 

Hypothesizing the outcomes of CAS is strongly influ- 
enced by the characters of plaques, our results suggested 
that applying CAS for all of these CEA cases would have 
made a similarly high incidence of brain emboli in the 
group H. Furthermore, a higher incidence of symptom- 
atic emboli might have been detected in the cases with 
echolucent plaques (group HI). Regarding asymptomatic 
emboli, there is a report indicating that the cognitive fac- 
ulties in a great number of these “asymptomatic” patients 


108 


are decreased.” Recently published large trials have 
shown that the mid-term results of CAS were not 
extremely inferior, but apparently not superior to CEA, 
especially in terms of preventing new strokes.” ' How- 
ever, if we indicate CEA for all these CAS cases, there 
should have been high incidences of complications, 
including cranial nerve injuries, MI, and even death. 

There are limitations in interpreting the results of this 
study. As afore mentioned, the small number of cases in 
the current study may have some effects on the results. 
Furthermore, the results of two different procedural pro- 
tocols were involved in the CAS cases, mainly due to the 
availability of devices. However, we detected 2 cases of 
brain emboli in 5 procedures using an open cell type 
stent and a filtering device, while 8 in 15 using an occlu- 
sion balloon and a closed cell type stent. Therefore, the 
differences in device seemed to have a small effect on 
the results. 

In conclusion, CEA should be currently the first 
choice for most patients with a high-grade and symptom- 
atic carotid artery stenosis. CAS should be reserved for 
the case with such high CEA risks that the expected inci- 
dence of brain embolism 1s reasonably accepted. 
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CHADS? Score is a Poor Predictor of Non-cerebral Acute 
Arterial Occlusion in Patients with Non-valvular Atrial 
Fibrillation 


Kota Yamamoto, MD, PhD,' Tadashi Kitaoka, MD,’ Harunobu Matsumoto, MD,’ Juno Deguchi, MD, PhD,’ 
Michio Shiibashi, PhD,” and Osamu Sato, MD. PhD’ 


Objective: The CHADS2 score is a stroke risk stratification scheme in patients with non-valvular atrial 
fibrillation (NVAF). The aim of this study was to determine whether the CHADS2 score can help to predict 
the risk of non-cerebral acute arterial embolism. 

Materials and Methods: One hundred and seventeen patients who underwent surgery for non-cerebral 
acute arterial embolism with NVAF between 1997 and 2009 were enrolled in the cross sectional study. The as 
CHADS2 score of each patient was calculated at the onset of symptoms. The distribution of the CHADS2 
score was compared with that of other studies analyzing patients with stroke. 

Results: The perioperative mortality was 11.1%. A comparison of patients with stroke revealed that our dis- 
tribution curves were significantly shifted to the left, showing that the CHADS2 score did better in predict- 
ing stroke than non-cerebral embolism. On the other hand, the distribution in our series coincides with that 
of NVAF patients in general. These results indicated that the risk of non-cerebral embolism occurs at the 
same rate regardless of the CHADS2 score. 

Conclusions: The CHADS2 scoring system seems to be an unreliable predictor of non-cerebral embolism, 
and may not contribute in avoiding potentially life-threatening acute arterial occlusion of the peripheral 
artery. 


Key words: CHADS2 score, non-cerebral embolism, non-valvular atrial fibrillation, anticoagulation 


INTRODUCTION 


i atrial fibrillation (NVAF) ts prevalent 
in 1% of the general population, and its prevalence 
increases with age.’ ” Thromboembolic events comprise 
one of the most important factors affecting the prognosis 
of patients with NVAF, and annual stroke rates are re- 
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ported to range between 2% to 10%." Although these 
thromboembolic events can occur in cerebral, mesenteric 
and peripheral arteries of the limbs, many studies have 
concentrated on stroke. Acute occlusion of the mesenteric 
or peripheral arteries can also be life threatening, and if 
not fatal, can lead to short bowel syndrome or limb loss 
that could reduce the quality of life of patients who sur- 
vive these events. 

The CHADS2 score has been proposed and validated 
as a straightforward and practical stratification of the 
risk of stroke in patients with NVAF.” Since then, the 
CHADS? score has been advocated as the means to 
determine anticoagulation needs in patients with 
NVAF, but to our knowledge, a scoring system for non- 
cerebral acute arterial occlusion has not been estab- 
lished." ” The present study thus aimed to determine 
whether the CHADS? score can help to predict the risk 
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Table 1 Characteristics of patients according to location of embolism 


Overall 

(n=117) 

Mean age + SD 75.8 + 10.9 
Male/Female 76/41 

CHF 17 (14.5%) 
HT 38 (32,4%) 
Age 61 (52.1%) 
DM 31 (26.4%) 
Stroke 32 (27.4%) 

CHADS2 score 18+1.3 
Perioperative death 13 (11.1%) 


Can CHADS2 Score Predict Non-cerebral Embolism? 


Upper limb Lower limb Mesenteric 
(n = 18) (n = 89) (n= 10) 
81.84 9.3 75.4 + 10.8 69.14 11.3 
10/8 60/29 6/4 
2 (11.1%) 14 (15.7%) 1 (10.0%) 
7 (38.9%) 27 (30.3%) 4 (40.0%) 
13 (72.2%) 44 (49.4%) 4 (40.0%) 
1 (5.6%) 27 (30.3%) 3 (30.0%) 
6 (33.3%) 24 (27.0%) 2 (20.0%) 
1941.4 1841.3 1.60.8 
0 (0%) 10 (11.2%) 3 (30.0%) 


SD, standard deviation; CHF, congestive heart failure; HT, hypertension; DM, diabetes mellitus 


of non-cerebral acute arterial embolism in patients with 
NVAF by comparing the outcomes with those of studies 
of cerebral thromboembolic events. 


MATERIALS AND METHODS 


This study proceeded according to the guidelines of 
the research ethics committee of our institution and 
enrolled 117 patients who underwent surgery for non- 
cerebral acute arterial embolism with atrial fibrillation 
between 1997 and 2009. Patients with valvular disease or 
aneurysm of the peripheral artery were excluded using 
echocardiograms and vascular ultrasonograply. We ret- 
rospectively calculated CHADS2 scores at the time of 
admission as chronic heart failure (treatment oz diagnosis 
of congestive heart failure within 1 year), hypertension 
(under medication or with systolic blood pressure of 
>160), age (275 years), diabetes (diagnosed and treated as 
diabetic or with HbAIC of 26%), stroke (history of stroke 
or transient ischemic attack). 

The results were analyzed and compared with others.” ® 
The distribution of patients in each CHADS2 score cate- 
gory was compared using the X test. A P value of <0.05 
was considered significant. All data were analyzed using 
JMP 5.0 software (SAS Institute Inc.). 


RESULTS 

Among 117 patients, 18, 89 and 10 had embo_ism of the 
upper limb, lower limb and mesenteric artery, respec- 
tively. Table 1 shows the baseline characteristics of 
patients enrolled in the study. Patients with upper limb 


embolism were significantly older. 
Only 13 patients were receiving anticoagulation ther- 
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Table 2 Number of patients in each CHADS2 score group 


(n = 117) 
CHADS? score Number of patients 
0 16 (13.7%) 
1 44 (37.6%) 
2 21 (17.9%) 
3 22 (18.8%) 
4 11 (9.4%) 
5 3 (2.6%) 
6 0 (0.0%) 


apy upon arrival at the hospital, and only two were 
within the therapeutic range (INR >2.0). In addition, 24 
patients were under antiplatelet therapy. The main reason 
for a low proportion of patients under anticoagulation 
seemed to be that NVAF was not detected until the 
embolic episode. 

Ninety-four patients underwent thromboembolectomy 
alone, seven underwent bypass surgery for lower limb, 
five underwent bowel resection with or without embolec- 
tomy, eight underwent primary amputation and three 
were unable to undergo surgery due to their concomitant 
medical problems. In our institution, we try bypass sur- 
gery for acute arterial occlusion of the lower limb when 
(1) thromboembolectomy was unsuccessful, (2) good out- 
flow artery was confirmed preoperatively, and (3) the 
risk of reperfusion syndrome seemed low. The periopera- 
tive mortality within 30 days of the operation was 11.1%. 
The mortality rate in the group with mesenteric artery 
occlusion was significantly high (30.0%). 

Table 2 shows the numbers and proportions of patients 
in each CHADS2 score group. We then compared our 
results with those of two studies in the United States of 
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Table 3 Comparison of the present and other findings of patients with stroke 


ren ete me ty gt at ann RI Preto atid fl of dnt A ARRAN eee aana aa 


CHADS2 score P value 
Authors > 4 56 (vs. present study) 
Rietbrock” 161 2026 2598 741 <0.0001 E 
(n = 5526) 
Gage” 2 40 44 8 0.0002 
(n = 94) 
Masaki” i] 9 12 ] Not available’ 
(n = 23) 
Present study 16 GS 33 9 
(n= 117) 


“ Not available due to small number of patients. 


Table 4 Comparison of the present and other findings of non-valvular atrial 








fibrillation 
ae CHADS2 score P value eo 
uthors =_e deca 
0 2 34 56 (vs. present study) 
Rietbrock” 6686 31351 12086 1684 0.61 
Gage® 120 986 537 70 0.08 
(n = 1733) 
Masaki” 39 158 65 3 0.64 
(n = 265) 
Present study 16 65 33 9 
(n= 117) 
America and one in Japan reports regarding stroke and DISCUSSION 


CHADS2 scores. 

We firstly compared the present series with reported 
cohorts who had a stroke. Figure 1 and Table 3 show the 
proportions of patients in each CHADS2 score category. 
Although we found no significant differences compared 
with the results of Masaki,” a comparison with the other 
two studies revealed that our curves were significantly 
shifted to the left, whereas those in the reports were 
almost identical. This meant that the risk of non-cerebral 
occlusion was high even in patients with a low CHADS2 
score, a group of patients regarded to have a low risk for 
stroke. This shifting of the curve to the left indicates that 
CHADS2 scores can more accurately predict the likeli- 
hood of stroke than non-cerebral embolism. 

We then compared our results with those from all 
patients with NVAF in general. Figure 2 and Table 4 
show that the CHADS2 score distribution in our series 
coincides with that of NVAF patients in general. These 
results indicated that the risk of non-cerebral embolism 
occurs at the same rate regardless of the CHADS2 score. 





Thromboembolic events, especially stroke, probably 
comprise an important factor affecting the prognosis of 
patients with NVAE.” The main preventive therapy is 
anticoagulation, and Fitzmaurice reported that warfarin 
decreases the rate of death by 33% and the rate of the 
combined outcome of stroke, systemic embolism, or 
death by 48%.” The main difficulty with anticoagulation 
therapy is its adverse effect of causing a bleeding ten- 
dency. This inevitably invoked the question of who is 
likely to benefit the most from anticoagulation therapy 
and who is not. To overcome these issues, CHADS2 
scores have been proposed in the West and Japan as a 
means of assessing the risk of stroke in patients with 
NVAF??!? 

Although CHADS2 scores play a significant role in 
predicting stroke, no studies have demonstrated whether 
it can predict other types of acute arterial occlusion such 
as that of the arteries of the upper and lower limbs and 
abdominal organs. Acute ischemia of the lower limb and 
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Fig. 1 Proportion of patients with arterial occlusive symptoms 
in each CHADS2 score category. 
Non-cerebral arterial occlusion is the symptom in present 
study and stroke is the symptom in the other three studies. 
Compared with stroke, patients with a lower CHADS2 
score are at high risk of non-cerebral peripheral embolism. 


abdominal organs can also be fatal. ° 

The aim of this study was to determine whether and 
how much the CHADS2 score could predict the risk of 
non-cerebral acute arterial embolism. We compared our 
results with data from other studies of the risx of stroke 
using the CHADS2 score." *"” 

Because the CHADS2 score includes stroke as an 
important factor, it obviously predicted stroke more accu- 
rately than other types of arterial occlusions (Fig. 1). 
However, it had little or no predictive value for non-cere- 
bral embolism (Fig. 2). One of the main points of the 
CHADS2 score is that, patients with a low score have a 
low risk for stroke and anticoagulation therapy helps lit- 
tle to improve the stroke rate. However, our résult points 
out that the prevalence of non-cerebral arterial embolism 
is not at all lower compared with the higher score group, 
and anticoagulation therapy should be the same regard- 
less of the score. 

The present retrospective study has some limitations. 
- Because we analyzed data only from patients with 
symptomatic embolism, we had to postulate that patients 
with NVAF had similar characteristics (CHADS2 score 
proportion, risk for embolism, etc.) to those reported by 
others. 
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CHADS2 acore 


Fig. 2 Comparison of our series with proportion of all patients 
with NVAF in each CHADS2 score category of the re- 
maining three studies. 

The distribution of the CHADS2 score of the present series 
coincides that of general population with NVAF. 
‘NVAF, non-valvular atrial fibrillation 


The reason why the CHADS2 score had a poor predic- 
tion rate for non-cerebral occlusion remains unclear. One 
difference between cerebral and non-cerebral occlusion 
seems to be the size of the embolus required to elicit symp- 
toms. We postulate that the CHADS2 score would be more 
effective in predicting the production of small emboli. 

Regardless of the reason, no tools can yet predict non- 
cerebral arterial embolism in patients with NVAF. Riet- 
brock also stated that although the CHADS2 score is a 
good predictor of stroke risk, it could still be improved.” 
Until another tool for detecting non-cerebral occlusion is 
developed, all patients with NVAF should undergo anti- 
coagulation therapy unless contraindicated (high risk of 
falls, history of peptic ulcers etc.). 


CONCLUSION 


The CHADS2 scoring system seems to be an unreli- 
able predictor of non-cerebral embolism, and anticoagu- 
lation therapy according to the CHADS2 score might not 
avoid potentially life-threatening acute arterial occlusion 
of the peripheral artery. Therefore, we propose that all 
patients with NVAF should be anticoagulated, unless 
contraindicated. 
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Preoperative HDL-C Predicts Later Cardiovascular Events 
after Abdominal Aortic Aneurysm Surgery 


Junichiro Takahashi, MD,’ Yutaka Wakamatsu, MD,' Kouji Ishii, MD,’ Tsuyoshi Kanaoka, MD,’ 
Toshihiro Gohda, MD,' Shigeyuki Sasaki, MD,” and Yoshiro Matsui, MD? 


Purpose: To determine the predictive value of serum lipid levels on the development of later cardiovascular 
events after abdominal aortic aneurysm (AAA) surgery. 

Methods: A total of 101 patients under 70 undergoing an elective AAA surgery were divided into the fal- 
lowing two groups: 1) those who developed later cardiovascular events after AAA surgery, including cere- 
bral infarction (n = 4), catheter intervention (PCI) or surgery for coronary artery disease (CAD) (n = 9) and 
other vascular disease. (CVE group; n = 19); 2) those without later events (NoCVE group: n = 82). Preoper- 
ative atherosclerotic risk factors including serum lipid levels were subjected to univariate and multivariate 
analysis. 

Results: The CVE group showed a significantly lower high-density lipoprotein cholesterol (HDL-C) level 
(32.9 + 6.6 vs 41.6 + 12.1 mg/dL; p <0.001), higher low-density lipoprotein cholesterol (LDL-C) / HDL-C 
ratio (4.30 + 1.01 vs 3.24 + 1.15; p = 0.001), and higher prevalence of mild CAD (without an indication of 
PCI) (p = 0.029) preoperatively. Cox hazard analysis indicated that preexistent mild CAD (hazard ratio 4.70) 
and preoperative HDL-C <35 mg/dL (hazard ratio 3.07) were significant predictors for later cardiovascu- 
lar events after AAA surgery. 

Conclusion: Patients at high risk for later cardiovascular events should require a careful follow-up and 


may also require an aggressive lipid-modifying therapy. 


Key words: abdominal aortic aneurysm, dyslipidemia, cardiovascular events 


INTRODUCTION 


A rteriosclerosis constitutes the principal etiology of 

ominal aortic aneurysm (AAA), which is often 
associated with other arteriosclerotic cardiovascular dis- 
eases like coronary artery disease (CAD) ™ Recently, 
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the importance of appropriate control of dyslipidemia 
has been emphasized for the primary prevention of ath- 
erosclerotic disease. ® Medications aiming at altering 
the concentrations of circulating lipids have an estab- 
lished role in occlusive atherosclerosis and recent reports 
described the role of high-density lipoprotein cholesterol 
(HDL-C) levels in predicting the risk of AAA develop- 
ment.” 

Although patients with AAA are at high risk for 
developing other atherosclerotic cardiovascular disor- 
ders, very few reports have described the value of sec- 
ondary prevention for atherosclerotic disease after AAA 
surgery, like lipid modifying therapy related to later car- 
diovascular events.” We focused on the atherosclerotic 
risk factors including serum lipid levels like HDL-C and 
low-density lipoprotein cholesterol (LDL-C) and investi- 
gated the relationship between these risk factors and 
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later cardiovascular events after AAA surgery im this 
study. The purpose was to determine the predictive value 
of serum lipid levels, as well as other atherosclerotic risk 
factors, on the development of later cardiovascular events 
after AAA surgery. 


PATIENTS AND METHODS 


This retrospective study was performed on 101 patents 
under 70 who underwent an elective repair of non-rup- 
tured AAA between August 1988 and December 2019 in 
the Division of Cardiovascular Surgery, Aishin Memorial 
Hospital. The study subjects were limited to those under 
the age of 70 at surgery to minimize the influence of 
aging on the cardiovascular events. All patients were Jap- 
anese and consisted of 95 male and 6 female patients 
with a mean age of 63.2 + 4.8 years (range from 50 to 69 
years). Preexistent atherosclerotic risk factors included a 
history of treatment of hypertension (HTN) in 66 (65.3 
%), diabetes mellitus (DM) in 5 (5%), dyslipidemia trea- 
ted with statins in 16 (15.8 %), and CAD without an andi- 
cation for percutaneous catheter intervention (PCI) or 
coronary artery bypass grafting (CABG) in 32 (31.7 °e). 

The diagnosis of AAA was established by the findings 
of enhanced computed tomography (CT) in all cases. In 
principle patients with AAA greater than 50mm in diam- 
eter were determined to have an indication for surgery, 
and received preoperative coronary artery evaluation by 
traditional coronary angiography (CAG) or coronary CT 
(CTCAG). A patient was diagnosed as having CAD when 
CAG or CTCAG demonstrated that the stenosis was 
equal to or exceeded 50% (250%) in at least one major 
coronary artery or its main branch. The treatment option 
for the CAD, such as PCI or CABG, was determined by 
the strategy resembling the Guidelines proposez by 
American College of Cardiology (ACC) and American 
Heart Association (AHA) Task Force Report in 1992 and 
its updated version.’ '” Patients who had a severe CAD 
with an indication for PCI or CABG or those with peri- 
operative coronary events were excluded from the study. 
Patients presenting with CAD without an indication for 
PCI or CABG were defined as having “mild” CAD in 
this study. The procedure of AAA repair in this study 
was a prosthetic aortic replacement with a bifurcated or 
tube graft in all patients. Patients with mild CAD 
received perioperative medical treatment with continuous 
infusion of trinitroglycerin (TNG) at 0.2 to 0.3 ug/kg/ 
min and/or diltiazem (DTZ) at 0.5 to 2.0 ug/kgamnin. 
There were no operative deaths and no patients with 
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inflammatory or infectious aneurysm in this study, and 
the etiologic source of AAA was considered to be athero- 
sclerosis in all patients. 

Follow-up of the patient after discharge has been per- 
formed periodically in principle at the outpatient clinic in 
our institute. Patients who were referred to other hospital 
or lost to follow-up within 3 months after discharge were 
not included in this study. Blood pressure at outpatient 
clinics during the follow-up period was controlled with a 
target systolic pressure of less than 140 mmHg and dia- 
stolic pressure of less than 90 mmHg. Patients with HTN 
received angiotensin-converting enzyme inhibitors or 
angiotensin-I] receptor blockers concurrently with addi- 
tional oral calcitum-channel blockers as appropriate. The 
B-blockers were selected in those with CAD unless 
patients presented with bradycardia, obstructive pulmo- 
nary disease, or severe heart failure. There were 79 
patients (78%) receiving a treatment of HTN and 10 
patients (10%) receiving a treatment of DM postopera- 
tively. 

Cardiovascular events during the follow-up period 
were defined as the occurrence of cerebral infarction, 
surgery for other vascular disease, the need for PCI or 
CABG due to CAD, and deaths from unknown causes. 
According to the cardiovascular events occurrence, the 
101 patients investigated in this study were divided into 
the following two groups: 1) those who developed later 
cardiovascular events during the follow-up period after 
AAA surgery (CVE group; n = 19); 2) those who devel- 
oped no events later (NoCVE group: n = 82). Clinical 
features including the age and gender, preexistent risk 
factors, preoperative and postoperative lipid levels were 
compared between the two groups. The endpoint of this 
study for evaluating the rate of freedom from cardiovas- 
cular events was defined as the time at cardiovascular 
events occurrence (CVE group) or time at the end of fol- 
low-up for a maximum of 10-years (NoCVE group). The 
cardiovascular events occurred in the CVE group 
included the occurrence of cerebral infarction (n = 4), the 
need for PCI or CABG for CAD (n = 9), surgery for 
other vascular diseases (n = 9), and death from unknown 
cause (n = 1). In patients with multiple cardiovascular 
events, the time at the first event was determined as the 
endpoint of the study. All smokers were requested to stop 
smoking before AAA surgery. 

For the measurement of lipid levels during the study 
period, blood samples for biochemical examination were in 
principle collected after an overnight fast, and the serum 
was separated and analyzed for total cholesterol (TC), 
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Table 1 Comparative studies of clinical features between the CVE group (n = 19) and the NoCVE group (n = 82) 


"P TOTAL CVE(+) CVE(-) 

Se (n= 101) (CVE group; n =19) (NoCVE group; n = 82) pene 
Age 63.2+4.8 62.7443 63.444.9 0.579 
Male/Female 95/6 18/1 TUS 0.89 
HTN treatment (%) 66 (65.3 %) 14 (73.7 %) 52 (63.4 %) 0.397 
DM treatment (%) 5 (5.0 %) 2 (10.5 %) 3 (3.7 ®) 0.214 
statins (%) 16 (15.8 %) 5 (26.3 %) 11 (13.4 %) 0.165 
CAD (%) 32 (31.7 %) 10 (52.6 %) 22 (26.8 %) 0.029 
pre SBP (mmHg) 125.4 + 18.5 121.8 + 19.9 126.3 + 18.2 0.35 
pre DBP (mmHg) 70.6 + 11.7 69.7 + 14.5 70.8 + 11.1 0.732 
pre HDL-C (mg/dL) 40.0+11.7 32.9+ 6.6 41.6 + 12.1 <0.001 
pre LDL-C (mg/dL) 127.4 + 29.1 137.5 +25.1 125.2 + 29.5 0.113 
pre LDL-C/HDL-C 3.43 + 1.19 4.30 + 1.01 3.24 1.15 0.001 
pre TG (mg/dL) 139.1 +72.6 140.9 + 64.6 138.7 +£74.6 0.906 
post HDL-C (mg/dL) 49.44 16.1 49.6+ 9.5 49.4417.3 0.934 
post LDL-C (mg/dL) 98.3 + 31.7 92.1 + 30.6 99.8 + 32.0 0.34 
post LDL-C/HDL-C 2.26 + 1.28 2.53 + 1.38 2.18 + 0.70 0.121 
post TG (mg/dL) 102.7 + 73.9 97.5 + 42.1 104.0+ 79.6 0.734 
Follow up period (months) 55.2 + 44.1 48.8 + 39.5 57.2 + 46.1 0.466 


CVE, cardiovascular events; OR, Odds Ratio; CI, confidence interval; HTN, hypertension; DM, diabetes mellitus; CAD, coronary 
artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; TG, triglyceride; pre, preoperative; post, postoperative 


HDL-C, and triglycerides (TG) using automated assay. 
Low-density lipoprotein cholesterol (LDL-C) levels were 
calculated by Friedewald formula. The LDL-C levels 
during the follow-up period were controlled with a target 
value of at least less than 130 mg/dL using lipid-modify- 
ing medications including statins (n = 49) and fibrates (n 
= 17) on the physician’s preference. The data of postoper- 
ative lipid levels of each patient were determined by the 
optimum value of laboratory data obtained 3 months or 
later after AAA surgery. The mean follow-up period 
after discharge until the endpoint of the study was 55.2 + 
441 (months). This study was approved by the Hospital 
Ethics Committee, and all patients received a full expla- 
nation of the surgery, related risks, and postoperative 
treatment strategy by surgeons. 


Statistical analysis 

Continuous variables are presented as the mean + 
standard deviation (SD) and are compared using the 
Mann-Whitney U-test. The chi-square test was employed 
for comparisons of nominal valuables. The rate of free- 
dom from cardiovascular events (CVE-free rate) was 
analyzed by the Kaplan-Meier method and comparisons 
between the two groups were performed by the log-rank 
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test. The endpoint of each patient for calculating these 
curves was the day of cardiovascular events occurring in 
the CVE group and the last follow-up day in the NoCVE 
group as described above. A Cox proportional hazard 
model was applied to determine the effects of valuables 
on cardiovascular events during the follow-up period. 
Differences were statistically considered significant at p 
<0.05. SPSS (Ver.12.0)) software (SPSS Inc., Chicago, IL) 
was used for all statistical analysis. 


RESULTS 


Overview of the clinical characteristics and athero- 
sclerotic risk factors compared between the CVE and 
NoCVE group is summarized in the Table 1. In univari- 
ate analysis of preoperative factors, there were no signifi- 
cant differences in the age, gender, systolic and diastolic 
blood pressure, incidence of a history of HTN, DM, and 
statins treatment between the two groups. The prevalence 
of mild CAD was significantly higher in the CVE group 
than in the NoCVE group (odds ratio (OR) 3.03, 95% 
confidence interval (CI) 1.09 to 8.44; p = 0.029). Regard- 
ing preoperative serum lipid levels, patients in the CVE 
group showed a significantly lower HDL-C level (32.9 + 
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Months after AAA surgery 
Fig. 1 Kaplan-Meier curves indicating freedom from cardio- 
vascular events in the group of patients with the preop- 
erative HDL-C <35 and those with HDL-C >35 (mg/dL). 


6.6 vs 41.6 + 12.1 mg/dL; p <0.001), higher LDL-C/ 
HDL-C ratio (4.30 + 1.01 vs 3.24 + 1.15; p = 0.001) than 
those of the NoCVE group. Differences of the serum 
LDL-C levels and triglyceride levels did not reach statis- 
tical significance. 

Serum lipid levels during the follow-up period after 
AAA surgery are also shown in the Table | as postapera- 
tive values. There were no significant differences m the 
postoperative HDL-C, LDL-C, and TG levels and 
LDL-C/HDL-C ratio. The mean follow-up period was 
48.8 + 39.5 (range 4 to 114) months for the CVE group 
and 57.2 + 46.1 (range 3 to 120) months for the NoCVE 
group, which showed no significant difference (p = 0.47). 
There were 5 deaths in the NoCVE group during the fol- 
low-up period, including deaths from lung cancer (a = 2; 
at 31 and 102 months after surgery), esophageal cancer (n 
= 1; 87 months after surgery), pneumonia (n = 1; 9] 
months after surgery), and head injury (n = 1; 6 months 
after surgery). These cases were represented as censored 
cases in the calculation of the Kaplan-Meier method and 
a Cox proportional hazard model. In the CVE group, one 
patient died from unknown cause as described above. 

Since the HDL-C levels were significantly different 
between the two groups, we compared the cardiovascular 
event-free (CVE-free) rate between patients with preop- 
erative serum HDL-C levels <35 mg/dL (n = 44) and 
those with HDL-C levels >35 mg/dL (n = 57). The cut-off 
value (35 mg/dL) was calculated from receiver-operating 
characteristics curves (ROC curve) using statistical soft- 
ware. Figure 1 shows a comparison of Kaplan-Meier 
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Table 2 Relationship between risk factors and cardiovascu- 
lar events by multivariate analysis using Cox 
proportional hazard model 


Risk Factors Hazard Ratio 95% Cl p value 
Age 0.97 0.86-1.09 0.561 
HTN 1.14 0.33-3.94 0.837 
DM 1.84 0.54-6.27 0.329 
CAD 4.7 1.70-12.98 0.003 
HDL-C <35 2.07 1.06-8.86 0.038 
TG l 0.99--1.01 0.516 


CI, confidence interval; HTN, hypertension; DM, diabetes 
mellitus; CAD, coronary artery disease; SBP, systolic blood 
pressure; DBP, diastolic blood pressure, HDL-C, high-den- 
sity lipoprotein cholesterol; LDL-C, low-density lipopro- 
tein cholesterol; TG, triglyceride 


curves indicating the rate of freedom from cardiovascu- 
lar events between the two patient groups divided based 
on the preoperative HDL-C levels. As shown in the Fig- 
ure |, there was a significant difference in the CV E-free 
rate depending on the preoperative HDL-C levels. 
Patients with preoperative HDL-C levels >35 mg/dL had 
a significantly better CVE-free rate (p = 0.033 by the log- 
rank test). 

Based on the results from univariate analysis and 
CVE-free rate analysis, clinical factors that may be 
related to the development of cardiovascular events were 
assessed with multivariate analysis using Cox propor- 
tional hazard model with stepwise method to identify 
correlations with the later events occurrence. The items 
assessed included an age, a history of treatment of HTN 
and DM, presence of preexistent mild CAD, the serum 
HDL-C levels <35 mg/dL, and TG levels as preoperative 
factors. The results are shown in the Table 2, which indi- 
cated that the cardiovascular event occurrence was sig- 
nificant correlated with the presence of a mild CAD 
(hazard ratio 4.70, p = 0.003) and the serum HDL-C lev- 
els <35 (mg/dL) (hazard ratio 3.07, p = 0.038) in the pre- 
operative factors. 


DISCUSSION 


AAA is an asymptomatic condition with a high mor- 
tality rate related to rupture, which has been the cause 
of 1% to 2% of all deaths in the Western world.’ ® Sev- 
eral studies reported a coexistence of atherosclerosis or 
disturbed connective tissue metabolism with AAA as 
an underlying etiology,’ > '” but the evidence for the role 
of lipids in the development of an AAA remains to be 
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controversial.” Hobbs et al reported the highly signifi- 
cant association between LDL-C and small AAA, and 
LDL-C could be an initiating factor in the development 
of an AAA.” A recent report by Golledge et al. indicated 
that HDL-C appeared to be the most important lipid in 
predicting the risk of AAA development.” Forsdahl et al. 
described the association of statin prescripticn with the 
development of an AAA in their report from the Tromso 
study.” These reports mainly described the primary pre- 
vention of the development of an AAA, but few reports 
mentioned the secondary prevention for atherosclerotic 
disease after AAA surgery.” As AAA represents a prog- 
ress in systemic atherosclerosis, patients undergoing sur- 
gical treatment of AAA should be followed ur to prevent 
other cardiovascular disorders. 

In general, increasing age is consistently identified as 
a strong risk factor for atherosclerotic disease like AAA 
in the past literature’, thus, the age distribucion of the 
study group may have a significant influemce on the 
results from the study like this investigation. For exam- 
ple, the Tromso study included a very wide range of ages 
(25 to 82 years); thus, the results may not reflect the true 
risk factors because the risk period for the development 
of an AAA did not occur for many patients aged <50 
years during the study period.” To minimize: the influ- 
ence of aging on the events during the follow-up period, 
the subjects in this study were limited to thos2 under 70 
(range 50 to 69) at surgery. 

In the analyses of preoperative factors, the prevalence 
of mild CAD, the serum HDL-C levels and LDL-C/ 
HDL-C ratio were found to have significant differences 
between the CVE group and the NoCVE group. The 
mean preoperative HDL-C level in all patients was as low 
as 40.0 + 117 mg/dL, and the LDL-C/HDL-C ratio was 
as high as 3.43 + 1.19, which were consistent with results 
from previous reports describing that decrease in the 


‘ HDL-C levels and increase in the LDL-C/HDL-C ratio 


enhanced the risk for the development of an AAA? »? 
Our results showing that further decrease in the preoper- 
ative HDL-C levels enhanced the risk for cardiovascular 
events after AAA surgery may be reasonable, and there 
was about a three-fold higher risk of developmg cardio- 
vascular events in those with the preoperative HDL-C 
levels <35 mg/dL. Patients with preexistent mild CAD 
are likely to have progression of arteriosclerosis in other 
arteries; thus, our results seem to be consisten- with pre- 
vious findings.” | 

These results indicate that patients at risk for the 
development of later cardiovascular events, including 
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those with lowered HDL-C levels <35 mg/dL and those 
with preexistent CAD, should be carefully followed-up to 
prevent later cardiovascular events after AAA surgery. In 
general, LDL-C at a high serum level may accumulate in 
the artery wall where they are oxidized and taken up by 
foam cells in a process that leads to the development and 
progression of atherosclerosis.” HDL-C is reported to 
oppose atherosclerosis by removing cholesterol from 
foam cells, by inhibiting the oxidation of LDLs, and by 
limiting the inflammatory processes that underlie ath- 
erosclerosis.” Based on these findings, some reports 
advocated that LDL-C/HDL-C ratio can be used as a 
beneficial treatment index although the serum LDL-C 
levels are mainly employed as a treatment target in previ- 
ous reports." * Based on our results, HDL-C may play — 
an important role ‘not only in the development of AAA” 
but also in the development of later cardiovascular events 
after AAA surgery. Patients in our series generally had a 
low level of HDL-C, but those with preoperative HDL-C 
levels <35 may have a further higher risk for the develop- 
ment of cardiovascular events after AAA surgery. 

There are some limitations in this study. In our study 
design, patients with AAA were retrospectively divided 
into the two groups based on the patient outcome as to 
whether they had cardiovascular events or not later, as a 
single center experience. Lipid-modifying therapy was 
not given to all patients after surgery based on the condi- 
tion of patients. Ideally, a randomized prospective study 
is required to determine the value of predictor with a 
larger number of patients. Second, the findings of our 
study were limited to those aged <70 at surgery; thus, the . 
value of lipid-modifying therapy in patients with age 
older than the present study group is unknown. Since the 
majority of subjects were male patients, we can draw nO 
conclusions on the association of lipids with cardiovascu- 
lar events in women. Third, the follow-up period is rela- 
tively short in some patients; thus, the short follow-up 
period may influence the incidence of cardiovascular 
events. Although there are many limitations, our study 
results may help to understand the predictive value of 
serum lipid levels and to prognosticate the outcome at 
least in part of patients with AAA. 

In conclusion, our study indicated that a decrease in 
the preoperative HDL-C levels <35 mg/dL and the pres- 
ence of CAD were significant predictors for the develop- 
ment of later cardiovascular events during follow-up after 
AAA surgery. These patients at high risk for later cardio- 
vascular events should require a careful follow-up and 


may also require an aggressive lipid-modifying therapy. 
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Fatal Pulmonary Thromboembolism due to Inferior Vena 


Cava Thrombosis 


Boonsak Hanterdsith, MD 


Pulmonary embolism (PE) is one of the most undiagnosed causes of death, and more than half of fatal PE 
is discovered only during autopsy. The author reports a case of sudden death from massive pulmonary 
thromboembolism due to an inferior vena cava (IVC) thrombosis caused by chronic pancreatitis. An exten- 
sive search for the location of the thrombus identified the source of emboli. The probable mechanism of 
IVC thrombosis caused by chronic pancreatitis is discussed. Awareness of this serious complication of 
chronic pancreatitis may have prevented the sudden death. 


Key words: fatal pulmonary thromboembolism, inferior vena cava thrombosis, chronic pancreatitis 


INTRODUCTION 


ii incidence of pulmonary embolism (PE) varies ac- 
cording to location."” In the USA, of fatalities relat- 
ed to venous thromboembolism, 34% were sudden 
death.” The German pathologist, Rudolf Ludwig Karl 
Virchow (1821-1902), has described three factors predis- 
posing venous thrombosis Le. changes in the vessel wall, 
pattern of blood flow, and blood constituents.” These 
predisposing factors are known as the “Virchow’s triad.” 
More than 95% of all pulmonary emboli arise from 
thrombi within the large deep veins of the lower legs, 
typically originating in the popliteal vein and the larger 
veins above it.” Important risk factors include prolonged 
bed rest, surgery (especially orthopedic surgery of the 
knee and hip), severe trauma, burns, congestive heart 
failure, parturition, high-estrogen contraceptive use, dis- 
seminated cancer, and primary disorder of hypercoagu- 
lability.” Chronic pancreatitis, however, is a rare cause of 
thrombosis in venous vessels. 
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CASE REPORT 


On July 22, 2008, a 29-year-old male collapsed at 
home and was brought to the emergency room of the 
Lamphun Hospital by his wife. The initial clinical pre- 
sentations were unconsciousness, breathlessness, absence 
of pulse, dilated and fixed pupils, and cold cyanotic skin. 
Attempted resuscitation was unsuccessful, and he was 
pronounced dead on arrival. According to his wife, he 
woke up at about 2 a.m. with palpitations and then fell to 
the floor. He had no serious medical history or family 
history of Sudden Unexplained Death Syndrome (SUDS). 
He drank alcohol occasionally, and his smoking status 
was unknown. His father committed suicide by a gunshot 
to the head. His mother has no serious illness. His grand- 
mother and some relatives have diabetes mellitus. The 
first visit to Lamphun Hospital was on October 23, 2095 
because of subepigastrial pain and vomiting. The symp- 
toms began at about midnight after drinking alcohol all 
night. His blood pressure was 120/60 mmHg with a regu- 
lar pulse rate at 80 beats/min. He weighed 75 kg. The 
doctor diagnosed gastritis and scheduled a follow—up 
visit; however, the patient did not return for treatment. 
On September 13, 2006 (approximately 11 months later) 
he came to the out-patient department (OPD) with left- 
sided abdominal and subepigastrial pain, and abdominal 
bloating. He reported that he has occasional stomach- 
aches and takes medicine to relieve the symptoms. His 
blood pressure was 110/60 mmHg and the body tempera- 
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ture was normal. He was admitted to the hospital for fur- 
ther investigation (Table 1). 

The clinical and laboratory results indicated acute 
pancreatitis. He was treated until he was free of syanp- 
toms, and after 5 days, he was discharged from the hos- 
pital. On May 28, 2008 (approximately 1.5 year later. he 
came to the OPD with symptoms similar to his prevaous 
visit: left-sided abdominal pain and all-night flatulence. 
The doctor diagnosed dyspepsia and treated him with 50 
mg of ranitidine via intravenous injection, 150 mg of ran- 
itidine (oral) twice a day, domperidone (oral) three times 
a day, and 500 mg of paracetamol (oral). 

The autopsy was performed ten hours after death. The 
deceased was normal height (174 cm) and weight. There 
were recent multiple subcutaneous contusions, 2—8 cm, 
on the medial aspect of both arms, posterior aspect of the 
left arm, and anterior aspect of the right forearm. The 
conjunctivae showed no petechial hemorrhage. No injec- 
tion mark or fatal wound was observed on the body. 

The internal examination revealed no injury of vital 
organs. The thyroid gland was of normal size and shape. 
No foreign body obstructed the airway passage. both 
lungs showed pulmonary edema without mass lesion. 
There was a sausage-like thrombus, 6 cm in length aad 2 
cm in diameter, obstructing the left main pulmonary 
artery. The thrombus was dull with a striated surface, 
and had a firm consistency which is consistent wiih a 


premortem blood clot. Many streaks of thrombi occupied 
the small distal pulmonary arteries. The right lung and 
the left lung weighed 480 gm and 500 gm, respectively. 
The heart weighed 300 gm and had a normal shape. All 
major coronary arteries were widely patent. There were 
wide-spread areas of flame-shaped hemorrhage in the 
subendocardial left ventricular free wall and the inter- 
ventricular septum (IVS). The left ventricular free wall 
and [VS were equally thick. No valvular or congenital 
abnormality was observed. There was no thrombus in the 
heart chambers. The internal organs of the abdomen 
showed no gross injury. The liver, small bowel, large 
bowel, both kidneys, and both adrenal glands had normal 
weight without significant gross pathologic abnormality. 
The spleen weighed 240 gm without an infiltrative mass 
lesion (diffuse enlargement). The pancreas had a firm 
consistency due to fibrosis and adhered firmly to the 
adjacent organs. There was no intrapancreatic duct or 
biliary tract stone. The pelvic organs showed no signifi- 
cant gross lesion. The source of the thromboembolism 
was searched for in the calves, popliteals, thighs, inguinal 
area, pelvic (iliac veins), IVC, veins of both arms (includ- 
ing veins beneath subcutaneous contusions), and dural 
venous sinuses. Only the IVC adjacent to the pancreas 
had a thrombus. 

Heart, lung, pancreatic tissue, thrombi in the pulmo- 
nary arteries, and the thrombus attached to the IVC were 
microscopically examined. The myocardial fibers were 
not enlarged. There was no inflammatory cell infiltrated 
in the myocardium. There was a coagulative necrosis 
with some hemorrhage of the right lower lung and left 
lower lung tissues. All sections of thrombi were consis- 
tent with a pre-mortem clot. The tissue between the pan- 
creas and adjacent IVC had some fibroses. The tissue of 
pancreas especially adjacent to IVC thrombosis had 
fibroses and was surrounded by lymphocytes. The acini 
of the pancreatic tissue were decreased. No malignancy 
cells were detected. 


DISCUSSION 


Pulmonary thromboembolism, secondary to pancrea- 
titis, and IVC thrombosis do occur,” though a fatal out- 
come is rare. Pulmonary embolism is the most undiag- 
nosed cause of death clinically. More than half of fatal 
PE were diagnosed only during autopsy.” More than 
three-quarters of the victims had predisposing factors, 
but the remaining 20% of pulmonary embolism deaths 
have not been identified predisposing factor.” In this 
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case, all major venous vessels were explored to search for 
the source of the thomboemboli. The deep veins of both 
arms were explored because of overlying skin contusion, 
but there was no thrombosis. Only the IVC adjacent to 
the pancreas showed thrombosis that was correlated with 
pancreatitis. The suggested mechanism of thrombosis 
caused by pancreatitis is trypsin converts prekallikrein to 
its activated form, thus sparking the kinin system and, by 
activation of factor XII, also sets the complement system 
and clotting in motion.” However, predisposing factors of 
thrombosis in this case may be more than one cause. 
Another potential cause of venous thrombosis in this case 
might be a hereditary coagulation disorder, as this was 
not assessed prior to the patients’ death. Apparently, 
venous thrombotic complications of pancreatitis are com- 
mon, but mainly affect the splenic vein, portal vein or 
superior mesenteric vein.” '”’ One study reported recur- 
rent pancreatitis in pregnancy that lead to IVC thrombo- 
sis; however, it was not complicated by pulmonary 
thromboembolism.'” The probable mechanism of spleno- 
megaly may be from high venous pressure in the portal 
system caused by IVC thrombosis. Awareness of this 
serious complication of chronic pancreatitis may have 
prevented sudden death in this case. The doctor should 
have investigated further to obtain a correct diagnosis 
other than dyspepsia using gastrointestinal endoscopy or 
imaging (ultrasonography or CT scanning) which might 
have visualized early forming thrombus in the IVC. On 
the other hand, if the patient were concerned about his 
symptoms, he should have returned for his regular, fol- 
low-up visits. In case of recurrent pancreatitis which pre- 
viously caused IVC thrombosis may have benefit to pre- 
vent recurrent IVC thrombosis by thrombolytic prophy- 
laxis.” 
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Fig. 1 Gross examination of the 
thrembus in the pulmonary 
artery. (A) Large premor- 
tem thrombus recovered 
from the left main pulmo- 
nary artery. The proximal 
part is on the right side. (B) 
Many streaks of premortem 
thrombi, recovered from 
distal pulmonary arteries. 


Fatal PTE due to IVC Thrombosis 





Fig.2 IVC was explored longitudinally (arrow 
head) to show the premortem thrombus 


(arrow). 
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Delayed Postoperative Paraplegia and Graft Infection 
after a Thoracoabdominal Dissection 


Kengo Nishimura, MD, PhD,’ Azumi Matsumura, MD,' Shigeto Miyasaka, MD, PhD,’ 
Hiroyuki Maeta, MD, PhD,’ Keisuke Morimoto. MD, PhD,’ and Iwao Taniguchi, MD, PhD* 


We report the successful treatment of thoracoabdominal dissection, which extended into the left iliac 
artery, despite two independent complications: graft infection and a relatively rare, delayed postoperative 
paraplegia. The paraplegia suddenly occurred on postoperative day 10, and after an intravenous infusion 


postoperative day 27, and with continuous irrigation of antibiotic treatment it was cured without recur- 
rence of infection. Although anticoagulation therapy is not indicated for paraplegia, we suppose that it 


might be used as an adjunct therapeutic. 
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INTRODUCTION 


pinal cord injury is the most critical complication in 

the treatment of descending thoracic and thoracoab- 
dominal aneurysms, either involving open surgical repair 
or endovascular techniques.’~” In contrast to immediate 
spinal cord deficits, delayed neurologic injury has attract- 
ed little attention and remains poorly understood.” Graft 
infection is a life-threatening and treatment-resistant 
complication, especially after thoracoabdominal ameu- 
rysm repair. We report successful treatment of thora- 
coabdominal dissection, which extended into left iliae ar- 
tery, despite two independent complications of relatively 
rare, delayed postoperative paraplegia and graft infection. 
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CASE 


A 54-year-old man with a history of hypertension had 
sudden-onset back pain in May 2009 and was referred to 
the Tottori Red Cross Hospital, Tottori, Japan. The 
patient was prescribed antihypertensive medication and 
was discharged: however, one month later, he returned to 
the hospital with another episode of sudden-onset back 
pain. Enhanced chest and abdominal computed tomogra- 
phy (CT) on the initial admission revealed thoracoab- 
dominal dissection, which extended into the left common 
iliac artery (CIA) measuring 55 x 68 mm in maximum 
diameter. Physical examination was unremarkable except 
for being overweight (height, 172 cm; weight, 90 kg). The 
results of blood examination, electrocardiogram, and 
echocardiography were normal. The CT on the second 
admission revealed another dissection and expansion of 
the aneurysm measuring 61 x 71 mm in diameter (Fig. 1). 
All abdominal branches originated from the true lumen. 
After the dissection and expansion of the aneurysm, we 
decided to operate by employing a four-branched graft 
for the proximal part and a bifurcated graft for the distal 
part. During surgery, we drained the cerebrospinal fluid 
(CSF) and monitored transcranial motor evoked poten- 
tials (MEP). We repositioned the patient in the right lat- 
eral decubitus position and made the incision at the sev- 


Annals of Vascular Diseases Vol. 4, No. 2 (2011) 


a 





Fig. 1 


Delayed Postoperative Paraplegia and Graft Infection 


Preoperative enhanced CT. 


a) Enhanced CT on the first admission reveals a dissecting tho- 
racoabdominal aortic aneurysm measuring 55 x 68 mm in maxi- 
mum diameter. b) Enhanced CT on the second admission shows 
another dissection and expansion of the aneurysm, measuring 6] 
x 71 mm in diameter. c) Lateral view of three-dimensional CT 
(3DCT) showing a true (solid arrow) and false (dotted arrow) lu- 
men. d) Right anterior oblique view of 3DCT showing a true 
(solid arrow) and false (dotted arrow) lumen. 

CT, computec tomography 


enth intercostal space to the costal cartilage, proceeded 
to cut obliquely to the umbilicus and then to above the 
symphysis pubis. A retroperitoneal approach exposed the 
aorta. After the distal sites of the bilateral ex-ernal iliac 
arteries were anastomosed to the bifurcated grafts, we 
established a percutaneous cardiopulmonary system 
(PCPS) by inserting a cannula into the arteria. branch of 
the bifurcated graft and then through the left renal vein 
to the right atrium. We anastomosed the two grafts, 
celiac trunk, superior mesenteric artery (SMA), two left 
renal arteries (RAs), right RA, the proximal sites of the 
descending aorta at the level of Th8, and inferior mesen- 
teric artery (IMA) by sequential segmental repair under 
normothermic partial cardiopulmonary bypass without 
cardiac arrest. We also attempted the reattachment of the 
intercostal arteries, but the aortic wall was too fragile to 
reconstruct the intercostal arteries. During the operation, 
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the CSF and MEP were normal. The clamp time of the 
CA, SMA, one left RA, another RA, a right RA, and the 
descending aorta was 22, 16, 18, 16, 73, and 81 min, 
respectively. The total PCPS time was 394 min. The low- 
est temperature during cardiopulmonary bypass was 
o M i 

The postoperative CT before the onset of delayed 
paraplegia showed the occlusion of the right RA and 
IMA, as well as occlusion of intercostal arteries (Fig. 2). 
On postoperative day 2, we removed the CSF drain, and 
the patient received intravenous infusion of heparin 
(15000 units/day) and 1500 mg of methylprednisolone for 
three days, followed by the administration of warfarin 
(3 mg/day) and ticlopidine (200 mg/day). On day 10, 
motor and sensory functions of the lower extremities 
were impaired, but fortunately, the paraplegia gradually 
recovered within 6 hours. Moreover, on day 27, the 
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Fig. 2 
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a) Postoperative CT scan before the onset of delayed paraplegia. 


Scan shows occlusion of the right renal artery and IMA as well as in- 
tercostal arteries, patency of celiac trunk, SMA and left renal artery. 
b) The illustration of the pestoperative CT. 


CT, computed tomography; IMA, inferior mesenteric artery; SMA, 


superior mesenteric artery 





Fig. 3 


a) Postoperative CT scan of postoperative day 27 of two grafts (solid ar- 


row) in the massive fluid accumulation in the left retroperitoneal space. 


b) CT scan of resolved fluid accumulation in the left retroperitoneal 


space after two dramage tubes (dotted arrow) were placed for the 


closed irrigation. 


CT, computed tomography 


patient developed a fever and the abdomen was somewhat 
distended. The CT showed massive fluid accumulation in 
the left retroperitoneal space (Fig. 3a). Thus, we placed 
two drainage tubes into the space with continuous inriga- 
tion (saline solution of 250 ml/hour) for 14 days and mter- 
mittent irrigation (saline solution of 1000 ml / 4 hours, 
twice a day) for 5 days (Fig. 3b). Since the space was 
infected with Klebsiella oxytoca (KSBL), sulbactam/ 
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cefoperazone (SBT/ CPZ, 2 g/day for 6 days) and cef- 
metazole (CMZ, 1 g/day for 2 weeks) were administered 
intravenously. Closure of the wound was achieved with- 
out any residual sign of infection, and the patient was 
discharged on the postoperative day 60. Later, as a pre- 
ventative measure, the wound was irrigated daily with 
minocycline (MINO, 200 mg/day for 1 year). 
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DISCUSSION 


Spinal cord injury is the most critical complication in 
the treatment of descending thoracic and thoracoabdomi- 
nal aneurysms that either involve open surgical repair or 
endovascular strategies.’ In contrast to immediate spi- 
nal cord deficits, delayed neurologic injury has attracted 
little attention in the literature and remains poorly under- 
stood.” Wong et al.” in their review, reported that the 
rates of immediate and delayed paraplegia after major 
TAA repair are 1:7-8.1 and 0.8%-8.1%, respectively. They 
also described the therapies used to treat delayed paraple- 
gia or paraparesis after thoracoabdominal aortic aneu- 
rysm repair in 34 patients: corticosteroids (82%), osmotic 
diuresis (76%), vasopressor agents (21%), and red blood 
cell transfusion and intravenous naloxone (6%), as well as 
CSF drainage (continuation with an existing drain) (9%), 
drain reinsertion (29%), and the insertion of a new drain 
(29%).” Safi HJ and collegues” reported that they keep 
the mean arterial pressure greater than 90 to 100 mmHg, 
hemoglobin greater than 10 mg/dL, and cardiac index 
greater than 2.0 L/min to optimize postoperative spinal 
cord perfusion and oxygen delivery. As we retrospec- 
tively found that the blood pressure (systolic pressure: 
100-110 mmHg) was lower than normal from postopera- 
tive day 5 after taking antihypertensive medication, the 
present case may be consistent with the previous reports 
that delayed paraplegia probably results from a state of 
malperfusion and postoperative hypotension, leading to 
spinal cord malperfusion.” However, when we consider 
why it took until postoperative day 5 for the paraplegia to 
occur, we agree with the report that hypotension is asso- 
ciated with some, but not all, delayed-onset deficits, and 
other factors may have been important, including rheo- 
logic and thrombotic factors.” Moreover, the perfusion of 
the spinal cord depends on the stabilization of the collat- 
eral network of remaining segmental arteries (SAs) after 
the serial surgical sacrifice of SAs during aneurysm 
resection.” In the present case, as we can immediately get 
methylprednisolone and heparin even on the ted side, we 
chose 1500 mg of methylprednisolone and the intrave- 
nous perfusion of heparin (15000 units/day), along with 
the administration of warfarin (3 mg/day) and ticlopidine 
(200 mg/day) to keep a rich collateral network. Although 
the exact mechanism of delayed paraplegia is unknown 
and anticoagulation therapy is not popular for the para- 
plegia, we speculate that anticoagulation therapy may be 
one of the adjunctive therapeutic strategies to maintain a 
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rich collateral network. 

Graft infection is a life-threatening and treatment- 
resistant complication, especially after thoracoabdominal 
aneurysm repair. However, in some cases, resection and 
re-replacement of the infected graft is almost impossi- 
ble.” Wound irrigation techniques are classified into 
closed and open irrigation.” In the present case, we 
resolved the infection with appropriate antibiotics by a 
closed irrigation. 
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bemphraxis and require placement of a filter. 


INTRODUCTION 


Dee vein thrombosis (DVT) and fatal pulmoaary 
thromboembolism (PTE) can severely worsen the 
prognosis of the patient. Several researchers have report- 
ed that permanent, retrievable inferior vena cava (TYC) 
filters significantly reduce the development of pulmo- 
nary emboli and have been effective in preventing PTE.” 
But, on the other hand, long-term risks have been report- 
ed, including migration of the filter, filter occlusion. ex- 
tensive IVC thrombosis, aortic and vertebral penetration 
and infection.” ” It is also an undeniable fact that patients 
treated with chemotherapies or those who have under- 
gone bone marrow stem cell transplantation have ar in- 
creased susceptibility to infection. 

We present a case of a young patient with acute myel- 
oid leukemia (AML) who was undergoing chemothera- 
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Retrievable Inferior Vena Cava Filter and Catheter Directed 
Thrombolysis (CDT) for Treating a 19-year-old Man with 
Acute Myeloid Leukemia Complicated by Deep Vein Throm- 
bosis (DVT): A Case Report 


Hiromi Muranishi, Ryosuke Zushi, Hiroki Nagma, Koji Hasegawa, Atsushi Nakagawa, and Hidefumi Hamada 


Here, we report a case of a 19-year-old man with acute myeloid leukemia complicated by deep vein throm- 
bosis (DVT) in which we placed a retrievable inferior vena cava (IVC) filter during catheter directed 
thrombolysis (CDT). We were able to retrieve the IVC filter after a successful CDT and concluded that the 
use of this filter might be efficacious and better than an indwelling IVC filter that is associated with long- 
term risks. A retrievable filter and CDT sheald be considered in patients who are at transient risk for phle- 


Key words: catheter directed thrombolysis, retr:evable inferior vena cava filter, deep vein thrombosis 


pies complicated by DVT, and who we thought might 
benefit from the use of a retrievable [VC filter and cathe- 
ter directed thrombolysis (CDT) with urokinase (UK) as 
the anticoagulant. 


CASE REPORT 


A 19-year-old man reported that he had had pain and 
swelling in his right leg, several weeks after the first 
cycle of several consolidation chemotherapies and treat- 
ment involving bone stem cell transplantation, when he 
was an inpatient in the Department of Hematology, Nis- 
say Hospital, Japan. Contrast-enhanced computed tomog- 
raphy scanning showed thrombotic occlusion from his 
right iliac vein to femoral vein and no evidence of pul- 
monary embolism (PE) or extrinsic iliac vein compres- 
sion (Fig. 1). Consequently, he was referred to the depa- 
rtment of cardiology for an IVC filter insertion and CDT 
(Day | of intervention). 

On physical examination, his height was 167 cm, and 
weight, 54 kg. Lung and heart sounds were normal. 
There was swelling and tenderness in his right leg and 
Homan’s sign was positive. On admission, he reported a 
history of motor paresis in his right leg due to extramed- 
ullary tumor; however on day 1, his symptoms seem to 
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Fig. 1 After insertion of a retrievaole IVC filter, we performed an angiography through 4 Fr sheath of 
his right popliteal vein. This is an angiographic findings in the prone position. The angiography 
showed thrombotic occlusion from his right iliac artery to SFA. Contrast-enhanced computed to- 


mography scanning showed similar findings. 


IVC, inferior vena cava; SFA. superficial femoral artery 


have improved, and the chemotherapy had shrunk the 
tumor. He could move his legs but could not walk with- 
out assistance. A blood count revealed hematological 
complete remission and anemia (white blood cells, 8.32 x 
10° /ul (neutrophils 70.8%, lymphocytes 14.2%, mono- 
cytes 14.4%); hemoglobin, 9.1 g/dl; platelets. 53.9 x 10* / 
ul). Chemistry values were normal except for elevations 
in liver and billiary tract enzymes (alanine aminotrans- 
ferase (ALT), 45 IU/I; alkaline phosphatase (ALP), 347 
IU/I; gamma guanosine triphosphate (yGTP), 62 IU/I); 
C-reactive protein, 3.18 mg/dl; plasma D-dimer, 8.4 ug/ 
ml; and fibrin degradation product (FDP, 10.4 ug/ml 
(normal range for latex agglutination, <1.) ug/ml and 
<5.0 ug/ml). Coagulation studies showed normal levels of 
protein S antigen, protein C activation and antithrombin 
II. Lupus anticoagulant was also negative. The echocar- 
diogram showed no significant abnormal findings and 
lung-perfusion scanning showed no PTE. Venous ultra- 
soundgraphy showed subtotal thrombotic occlusion from 
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the right iliac vein to femoral vein and partially orga- 
nized intramural thrombus in the femoral vein. Magnetic 
resonance imaging showed a smaller extramedullary 
tumor compared with findings on admission. 

On day 1, we inserted the optional, retrievable IVC fil- 
ter (LIFE SAVER®, ALN. Bormes-les-Mimosas, France) 
below the renal vein through the right jugular vein to 
prevent fatal pulmonary embolism. After that, we placed 
4 Fr sheath into the right popliteal vein by an ultrasoni- 
cal-guided approach and performed an angiography. The 
aigiography showed similar findings to contrast- 
enhanced computed tomography scanning and venous 
ultrasoundgraphy (Fig. 1). We passed a 0.035-inch 
straight wire through the thrombotic occluded vein and 
tried to remove the thrombi by 4 Fr Multipurpose (MP) 
catheter; however, only a small amount of thrombi was 
removed, and twenty centimeters-long pulse infusion 
catheter (Mistique”, Merit Medical Systems Inc., Utah, 
USA) was placed from iliac vein to femoral vein, but all 
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Fig. 2 On day 11, we performed follow up venography and venous ultrasonography. This is an angio- 
graphic finding in the spine position. Follow-up venography was performed through the popliteal 
sheath. It showed a successful thrombolysis; however, the organized intramural thrombus in the 


femoral vein remained. Venous ultrasonography showed similar findings. 


parts of the thrombotic, occluded vein couldn't be cov- 
ered by the catheter. We began a continuous intravenous 
administration of heparin to keep the activated partial 
thromboplastin time (APTT) 1.5—2.0-fold longer than the 
control value. In addition, 240000 international units (IU) 
of urokinase (UK) for each time was splashed out of the 
pulse infusion catheter twice daily for 3 days. On day 4, 
we replaced the 4 Fr sheath with the 6 Fr sheath, and the 
follow-up venography showed that the occluded iliac vein 
remained occluded, with some remaining thrombolysis 
of the femoral vein and development of collateral vessels. 
We tried to remove the thrombi again with a larger MP 
catheter (6 Fr MP catheter), but only some thrombi were 
removed. Placement of a 20-centimeter-long pulse infu- 
sion catheter in all obstructed parts from iliac vein to 
femoral vein was considered to be better, but we had no 
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choice but to use a 10-centimeter-long pulse infusion cath- 
eter for the occluded iliac vein because the 20-centimeter- 
long pulse infusion catheter was not available in our hospi- 
tal at that time and administration of 240000 IU UK each 
time through the pulse infusion catheter had been contin- 
ued three times a day. Follow-up venography on day 7 
showed more thrombolysis of iliac to femoral vein, but 
subtotal occlusion due to thrombi remained in several 
parts of iliac to femoral vein. In a third session, a 20-centi- 
meter-long pulse infusion catheter was placed, and almost 
all parts of the incomplete thrombotic occluded lesion 
could be covered. 240000 IU of UK per dose, three times 
a day was continued for 4 days, and follow-up venography 
and venous ultrasoundgraphy on day 11 showed disappear- 
ance of almost all thrombi except for some organized 
intramural thrombus left in the femoral vein (Fig. 2). 
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‘ig. 3 On day |. we inserted a retrievable IVC filter through his right jugular vein and placed a 20- 
cm pulse infusion catheter. Thrombolytic therapy by UK was started. 240000 IU UK each 
time was splashed out of tre pulse infusion catheter twice daily for 3 days. Follow up venog- 
raphy on days 4 and 7 after translocation of the pulse infusion catheter and gradual tapering 
of the UK dose showed ircomplete thrombolysis. On day 11, follow up venography showed 
an almost complete thrombolysis except for an organized intramural thrombus in the femoral 
vein, and then we retrieved the pulse infusion catheter. On the same day, we stopped the 
thrombolytic therapy by UK; however, we but continued the therapy with both intravenous 
heparin administration and intermittent pneumatic compression. On day 14, successful cathe- 


ter directed thrombolysis CDT helped us retrieve the IVC filter. 
IVC, infericr vena cava; UK, urokinase; CDT, catheter directed thrombolysis 


Finally, CDT helped us to retrieve the IVC f-lter on day 
14 (Fig. 3). During the clinical course, we didn’t see any 
evidence of infection or bleeding complications. We had 
continued the therapy with both intravenous heparin 
administration and intermittent pneumatic compression 
until further improvement of motor paresis in his right 
leg helped him to walk unassisted. Continuousoral war- 
farin administration did not seem to be indispensible for 
the patient, because he had been free of DVT relapse for 
some time since the end of treatment with heparin. The 
patient was scheduled to receive additional chemothera- 
pies and bone stem cell transplantation for several 
months after this surgery. 


DISCUSSION 


Original indications for the use of permanent IVC fil- 
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ters in patients with DVT are anticoagulant contraindica- 
tions, recurrent embolism, anticoagulant complications 
and prophylactic use after embolectomy,” though others 
have been added recently. For preventing PTE, tempo- 
rary IVC filters are reported to be as effective as perma- 
nent filters,” and these retrievable IVC filters have been 
used effectively in patients with transient risks.’ The 
retrievable filters have advantages over the indwelling 
type because the latter can migrate, become infected or 
cause an infection, cause occlusion or extensive IVC 
thrombosis, or penetrate the aorta or vertebra.” It has 
been reported that Candida can infect an IVC filter.” We 
think that continuous oral anticoagulation therapy after 
insertion of an IVC filter is necessary, at least, not con- 
traindicated. We agree with the indication of long-term 
continuous oral anticoagulation therapy after the inser- 
tion of an IVC filter.” 


Muranishi H, et al. 


The association between DVT and cancer has been 
known for a long time, and the risk of DVT is not negli- 
gible in AML patients, too,” Additionally, it is also unde- 
niable that AML patients who have had a bone marrow 
transplant and who are on chemotherapy have an 
increased susceptibility to infection. 

Clinical decision-making for the case reported here is 
as follows. When the patient was referred to the depa- 
rtment of Cardiovascular Internal Medicine, his blood 
count revealed hematological complete remission. He was 
no longer prone to bleeding and a compromised host 
then. We understood that he was at high risk for fatal PE 
since contrast-enhanced computed tomography scanning 
showed massive thrombi from his right iliac vein to the 
femoral vein. Only a few days had passed since the onset 
of his clinical symptoms, and both the density of the 
thrombus in contrast-enhanced computed tomography 
and floating sign in venous ultrasonography suggested 
that the thrombus was unstable. For these reasons, we 
decided that an IVC filter was necessary in performing 
the CDT. Indication of a temporary use of retrievable 
IVC filter is under debate. We do consider evaluation of 
the risk for PE during CDT as important, and the routine 
use of an IVC filter during CDT is not indispensable. 
Proximal DVT, free-floating or unstable thrombus is 
considered to be at high risk of developing PE during 
CDT. Some authors have reported 32% to 60% of proxi- 
mal DVT patients developed PE. However, there are 
complications associated with an IVC filter, such as caval 
occlusion, filter migration, and erosion of the IVC filter. 
We should consider the indication of temporary use of a 
retrievable [VC filter during in view of both risk evalua- 
tion of risk for PE and benefit of inserting an IVC filter. 
In this case, an indwelling IVC filter might take a higher 
risk of infection than a retrievable IVC filter in view of 
further treatment involving an additional two cycles of 
consolidation chemotherapy and a second bone marrow 
transplant. Considering other risks of an indwelling IVC 
filter and his age, we tried to perform CDT and place- 
ment of a retrievable [VC filter. We used a retrievable 
filter instead of a temporary filter because of two rea- 
sons. Firstly, a temporary IVC filter might decrease the 
activity of patient’s daily life and have more infection 
risks because it is an external catheter. Secondly, retriev- 
able filter can be left more safely if CDT ended in fail- 
ure.” We were able to prevent fatal PTE during the acute 
phase, and successful CDT helped us retrieve the IVC 
filter, fortunately, without the patient experiencing com- 
plications of infection or bleeding. It was very important 


to schedule additional cycles of consolidation chemother- 
apy and a second bone cell transplant. One is an infec- 
tious risk reduction, and the others are prevention of 
decrease in his life quality due to continuous oral antico- 
agulants administration and lower bleeding risks in the 
future. We thought that the use of a retrievable [VC filter 
in a young AML patient, complicated by DVT, and a 
later retrieval of the IVC filter after a successful CDT 
might reduce the risks of bleeding and infection in his 
further treatments for AML. To prevent DVT, we also 
think continuous oral anticoagulant administration 1s 
important to prevent DVT, if the patient does not have 
symptoms that contraindicate drug use. However, the 
patient was scheduled to receive additional chemothera- 
pies within several weeks and a bone stem cell transplant 
after that. We did not start the oral anticoagulant admin- 
istration, and there were two reasons. One was myelosup- 
pression due to chemotherapy, and the other was a 
reduced risk of DVT recurrence. Myelosuppression might 
lead to bleeding between the additional chemotherapies 
before the bone stem cell transplant. First chemotherapy 
shrunk his extramedullary tumor and improved his 
motor paresis. Complete thrombus resolution due to the 
successful CDT and improvement of his motor paresis 
due to the first chemotherapy might reduce the risks of 
DVT recurrence. 

From the outcome, we can conclude that a retrievable 
IVC filter with CDT may be effective and should be con- 
sidered for patients at transient risk of DVT. 
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Sequential Dilatation of the Superior Gluteal Artery Follow- 
ing Coil Embolization of the Internal Iliac Artery and Endo- 
vascular Abdominal Aneurysm Repair: A Case Report 


Motoki Nakai, MD,’ Kouhei Nakata, MD,' Motio Sato, MD,’ Akira Ikoma, MD,’ Hiroki Minamiguchi, MD,’ 
Nobuyuki Kawai, MD,' Tetsuo Sonomura, MD. Atutoshi Hatada.” Yoshiharu Nishimura.” 
and Yoshitaka Okamura’ 


We present a case of an 80-year-old male who had a right buttock claudication after embolization of the 
right internal iliac artery and endovascular aneurysm repair (EVAR) for aneurysms of the right common 
iliac and abdominal arteries. We used follow-up dynamic computed tomography to measure the diameter 
of the superior gluteal artery (SGA). The comparison ratio (SGA diameter after EVAR / SGA diameter 
before EVAR) of the right SGA at 1, 3, and 9 months was 0.74, 0.80, and 1.1, respectively, while that of the 
left SGA at 9 months was 0.97. The patient reported using a walking stick at 1- and 3-month follow-ups but 
not at the 9-month follow-up. The computed tomography (CT) showed sequential dilatation of the SGA, 
which appeared to be associated with the re ief of the buttock claudication. 


Key words: abdominal aortic aneurysm, endovascular aneurysm repair, buttock claudication, internal iliac artery 


INTRODUCTION 


Reese aneurysm repair (EVAR) has gained ac- 
ceptance as a treatment for abdominal aortic aneu- 
rysms (AAA). When aneurysms of the common iliac 
artery (CIA) and/or short length of the CIA are asscviat- 
ed with AAA, to prevent endoleak into the AAA, it is 
necessary to perform coil embolization of the internal il- 
tac artery (LIA) before EVAR for limb extension to the 
external iliac artery.” As a negative effect following coil 
embolization and stent graft placement for AAA, the in- 
cidence of buttock claudication is reported to be 28%— 
50%° ° and is dependent on symptoms that are subjec- 
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tively reported by the patient. 

We present a case of AAA and aneurysm of right CIA 
that was treated by embolization of HA and stent graft 
placement for AAA. After the treatment, the patient 
complained of buttock claudication. Symptoms gradually 
improved with gradual dilatation of the superior gluteal 
artery (SGA), as measured on follow-up contrasted com- 
puted tomography (CT). 


CASE REPORT 


An 80-year-old man detected a pulsating mass in his 
abdomen in November 2008. Ultrasound examination by 
his family doctor revealed AAA. Thereafter, the patient 
attended our hospital for EVAR in December 2008. 
Dynamic CT demonstrated AAA and aneurysm of the 
right CIA with maximum diameters of 52 and 35 mm, 
respectively (Fig. 1). The diameter and length of the proxi- 
mal neck from the left renal artery to the proximal AAA 
end were 18.6 and 48.8 mm, respectively, and the length 
from the left renal artery to the terminal aorta was 125 
mm. We planned to use a stent graft (Zenith, Cook, Balti- 
more, ML) with a diameter of 22 mm and length of 88 mm. 
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Fig. 1 Three-dimensional enhanced computed tomography us- 


ing contrast medium reveals an abdominal aortic aneu- 
rysm of diameter 52 mm and a right common iliac aneu- 
rysm of diameter 35 mm. 


The patient first underwent embolization of the right 
ITA using 17 microcoils (Tornado, Cook): 6 microcoils of 
7 cm / 3 mm (length/diameter), 8 of 8 cm / 4 mm, and 3 
of 10 cm / 4 mm. The microcoils were placed in the ITA 
trunk and branch origins of the superior and inferior glu- 
teal arteries (Fig. 2a). One week later, EVAR with stent 
graft placement was conducted to eliminate the AAA 
and aneurysm of the right CIA (Fig. 2b). Dynamic CT 
immediately after EVAR demonstrated no evidence of 
endoleak. 

Three days later, the patient suffered right hip/buttock 
pain after walking approximately 100 m or climbing 
stairs. The values of the bilateral ankle brachial index 
(ABI) were within the normal range (greater than 1.0). 
The patient was diagnosed with buttock claudication 
caused by EVAR. 

The patient was discharged 2 weeks later, with no 
improvement in buttock claudication that developed dur- 
ing the hospital stay. The patient was followed up | 
month later and then every 2 months. Buttock claudica- 
tion had improved gradually, and after 9 months, the 
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patient was almost free of the symptom. At I- and 3- 
month follow-up visits, the patient reported that he 
required a walking stick, though he reported at the 
9-month follow-up visit that it was no longer required. 
The state of the AAA, CIA aneurysm, and bilateral 
SGAs was monitored using dynamic CT (multi-slice CT 
with 16 detectors: Aquilion 16, Toshiba, Tokyo, Japan). 
Dynamic CT was obtained from the upper abdomen to 
the lower pelvis, with intravenous administration of con- 
trast medium (lopamiron 300, Bayer Schering Pharma, 
Berlin, Germany) at a rate of 3 mL/s (total dose, 100 mL) 
using an automatic power injector. The diameters of the 
right SGA measured on dynamic CT before EVAR, and 
at 1, 3, and 9 months after EVAR, were 5.3, 3.8, 4.2, and 
5.8 mm, respectively (Fig. 3), while those of the left SGA 
before EVAR and at 9 months after were 5.75 and 5.60 
mm, respectively. The comparison ratio (diameter of the 
SGA after EVAR / that before EVAR) of the right but- 
tock at 1, 3, and 9 months was 0.74, 0.80, and 1.1, respec- 
tively, while that of the left buttock at 9 months was 0.97. 
Dynamic CT at 9 months after EVAR revealed dilated 
SGA and its branch arteries (Fig. 3). An improvement in 
the right buttock claudication was dependent on the 
degree of dilatation of the right SGA. 


DISCUSSION 


In cases of AAA associated with aneurysm involve- 
ment of the CIA or with a short CIA, coil embolization 
of the ipsilateral IIA before stent graft placement is indi- 
cated to prevent endoleak.* * Buttock claudication, erec- 
tile disturbance, and colon ischemia are listed as compli- 
cations after IIA embolization. The frequency of buttock 
claudication is reported as 28%-50% after embolization 
of the ipsilateral II[A*°’ and as 31%-80% after emboliza- 
tion of bilateral ITAs.^ ” In addition, the embolization site 
determines the frequency of buttock claudication: fre- 
quency is reported to be 13% for embolization of the ITA 
trunk alone, and 66.6% for simultaneous embolization of 
the ITA trunk and branches of the superior and inferior 
gluteal arteries.” In the present case, embolization of the 
ITA trunk, SGA, and inferior gluteal artery resulted in 
buttock claudication. To avoid interruption of blood flow 
from the contralateral ITA, we must embolize the IIA 
trunk alone (Fig. 4). Balloon inflation at the origin of the 
ITA, the use of a detachable coil as an anchor or both 
used together are preferable techniques for IIA trunk 
embolization because they avoid migration of embolic 
materials into the peripheral branches. 
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a b 
Fig. 2 Pelvic angiography after embolization of the right internal iliac artery with microcoils shows 
aortic and right common iliac artery aneurysms (a). One week later, endovascular placement of a 
Zenith stent graft was performed. A»dominal aortography reveals elimination of the abdominal 
aortic and right common iliac artery aneurysms, without endoleak (b). 
a b 





Fig. 3 Enhanced computed tomography at the level of the superior gluteal artery. The diameters of the 
superior gluteal artery (arrow) after month (a) and 9 months (b) endovascular aneurysm repair 


was 3.8 and 5.8 mm, respectively. Lilated superior gluteal branch arteries were also visualized 9 


months after repair (b). 
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Fig. 4 Schema of the present embolization of the internal iliac artery. Coils placed at the origin of the superior glu- 
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F 


teal and inferior gluteal branches, and in the internal iliac artery trunk (a), cause interruption (crosses) to 
blood flow (arrows) from the contralateral iliac artery, resulting in a possible decrease in blood flow to the 
gluteal muscle. A schema of our recommended embolization of the internal iliac artery (b) would possibly 
preserve the blood supply (arrows) from the contralateral internal iliac artery. 


It is reported that buttock claudication is relieved 
within 3—6 months in the majority of cases, and in more 
than 6 or 12 months in some cases.” ” In the present case, 
buttock claudication eased over a period of 9 months, as 
reported by the patient. The relief of buttock claudication 
is considered to be dependent on the development of col- 
lateral arteries. However, the presence of newly devel- 
oped collateral arteries cannot yet be confirmed by 
imaging. Follow-up dynamic CT demonstrated gradual 
dilatation of the ipsilateral SGA and its branch arteries 
with time, and dilatation of the ipsilateral SGA was 
objectively confirmed by measuring the SGA diameter. 
ABI is an objective indicator for ischemia of the lower 
extremities but not for buttock ischemia. In the present 
case, an increase in SGA diameter seems to be associated 
with an improvement in buttock claudication. 

The major collateral pathways that function after an 
IA embolization are provided by the contralateral IIA, 
the ipsilateral lumbar artery, and the ipsilateral deep 
femoral artery (lateral and medial femoral circumflex 
artery).” In the present case, buttock claudication did 
not occur after the ITA embolization; however, it did 
occur after stent graft placement and then ITA emboliza- 
tion, which improved after 9 months. The collateral path- 
way between the lateral femoral circumflex artery and 
the SGA exists as one of the major anastomotic channels. 
We consider that simultaneous embolization of the ITA 
trunk and the superior and inferior gluteal arteries inter- 
rupts the blood flow from the contralateral ILA and that 
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stent graft placement interrupts the increased blood flow 
from the lumbar artery caused by IIA embolization, 
resulting in prominent buttock claudication; gradual 
development of other collateral pathways, including the 
femoral circumflex artery, then leads to relief of the 
claudication. 

In conclusion, we presented a case of AAA and CIA 
aneurysm treated with simultaneous embolization of the 
ILA trunk, and the superior and inferior gluteal arteries, 
followed by stent graft placement, resulting in buttock 
claudication. Ideally, embolization of the ITA trunk alone 
should be performed to preserve the blood flow from the 
contralateral IIA. The dilatation of the SGA was 
observed on follow-up CT, and sequential dilatation of 
SGA appeared to be associated with the relief of the but- 
tock claudication. 
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Iatrogenic Arteriovenous Fistula as a Cause for Leg Ulcers: 


A Case Report 


Kurian J Mylankal,’ Brian Johnson,” and Duncan F Ettles? 


An 80-year-old man presented with painful leg ulceration due to steal phenomenon from a groin arterio- 
venous fistula (AVF) 10 vears following a coronary angiogram. The diagnosis of the AVF was confirmed by 
duplex examination of the groin vessels which demonstrated characteristic flow pattern in the femoral 
arterial and venous system. Angiography further confirmed the site of the fistulous communication and 
this was managed by a covered stent graft. We discuss the incidence of AVF, risk factors for its develop- 
ment, relevant diagnostic investigations and management options along with strategies to reduce the inci- 


dence of AVF following percutaneous punctures. 


Key words: arteriovenous fistula, duplex, leg ulcers, percutaneous puncture 


INTRODUCTION 


— fistulae are an abnormal communica- 
tion between the artery and vein arising commonly 
following penetrating injury such as percutaneous arteri- 
al or venous punctures and after open surgical interven- 
tions.” They are encountered in the groin due to frequent 
use of the femoral artery and vein for diagnostic and in- 
terventional radiological procedures such as coronary 
and peripheral angiography. 

In the acute phase, arteriovenous fistulae are com- 
monly associated with localized symptoms such as hae- 
matoma and bruising. However, ihey may remain totally 
asymptomatic and present in the long term with chronic 
limb oedema, aneurysmal degeneration of the arterial 
tree and high output cardiac failure. This case report dis- 


‘Department of Vascular and Endovascular Surgery, Fremantle 
Hospital, Western, Australia 

7Academic Vascular Unit, Hull Royal Infirmary, Hull, United 
Kingdom 

"Department of Radiology, Hull Royal Infirmary, Hull, United 
Kingdom 


Received: June 21, 2010; Accepted: March 9, 2011 
Corresponding author: KJ Mylankal. Department of Vascular 
and Endovascular Surgery, Fremantle Hospital, Alma Street, 
Fremantle, 6160, Western, Australia 

Tel: +61-435588174, Fax: +61-8943 12009 

E-mail: kjmylankal @ yahoo.co.uk 


Annals of Vascular Diseases Vol. 4, No. 2 (2011) 


cusses a unique case of an arteriovenous fistula in the 
groin in a patient presenting with painful lower limb 
ulcerations, which has not been reported in the literature 
previously. The investigations leading to confirmation of 
the diagnosis and the subsequent management of the fis- 
tula are also discussed along with a brief review of the 
literature. 


CASE REPORT 


An 80 year old male patient presented to the vascular 
clinic with a two-year history of painful right leg ulcers, 
which were resistant to healing by a conservative dress- 
ing regime. There was no history of trauma prior to the 
onset of ulcerations and there were no medical risk fac- 
tors for peripheral arterial disease. However, he had 
undergone a coronary angiogram via the right femoral 
artery puncture over 10 years ago. The procedure was 
uncomplicated with no immediate complications 
recorded. 

The clinical examination revealed superficial ulcer- 
ations in the right lower calf area with varicose veins in 
the long saphenous vein distribution. There was a palpa- 
ble right femoral pulse with absent popliteal and foot 
pulses. However, the left lower limb had a full comple- 
ment of femoral and distal pulses. In addition; on auscul- 
tation, a bruit was audible in the right groin. 

Subsequently, the patient underwent a duplex scan of 
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FISTULA 


Fig. 1 AVF between the Right profunda artery and common 
femoral vein. 
AVF, arteriovenous fistula 


C 


Fig.2 Left retrograde intra-arterial digital subtraction angi- 
ography. 
AVF, arteriovenous fistula 


the right lower limb. The right common femoral and 
profunda artery demonstrated loss of triphasic flow with 
continuous forward flow in diastole with no reversal of 
flow in diastole. In addition, an arteriovenous fistula with 
a high velocity jet stream of blood was visualized 
between the profunda femoris artery and common femo- 
ral vein (Fig. 1). 

To delineate the anatomy and assess suitability for 
endovascular intervention, the patient underwent a retro- 
grade intra-arterial digital subtraction angiogram via left 
femoral puncture using a 6 Fr vascular sheath and pigtail 
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catheter. This demonstrated early contrast filling of the 
right iliac venous system, suggesting a communication 
between the arterial and venous system (Fig. 2). In addi- 
tion, selective cannulation of the right profunda and 
superficial femoral arteries revealed two separate fistulae 
originating from the superficial femoral artery and pro- 
funda femoris artery, both communicating with the com- 
mon femoral vein. After an initial diagnostic angi- 
ography, a 7 Fr guiding sheath (Destination Guiding 
sheath, Terumo, Europe) was introduced via the left 
common femoral artery and placed across the aortic 
bifurcation to the right external iliac artery by the up 
and over approach. Selective angiography revealed two 
separate fistulae originating from the superficial femo- 
ral artery and profunda femoris artery, both communi- 
cating with the common femoral vein. A bolus of 3000 iu 
of heparin was administered via the sheath. With road- 
map assistance, the superficial femoral artery was cathe- 
terized using an angled hydrophilic guidewire (Standard 
Glidewire”, Terumo Medical Corporation) and exchanged 
for a 0.035 inch stiff guide wire (Amplatz Super Stiff, 
Boston Scientific, USA) over a straight exchange catheter. 
After calibrating the vessel diameter and using road-map 
guidance, a 4 to 9-mm Jomed covered stent (Jomed, 
Rangendingen, Netherlands) mounted on a 6 mm balloon 
was accurately deployed across the arteriovenous fistula 
(AVF). The profunda femoris artery was next cannulated 
and a 4 to 9-mm Jomed covered stent (Jomed, Rangend- 
ingen, Netherlands) on a 5-mm balloon was deployed 
over the AVF defect in the profunda femoris artery. A 
final check angiography confirmed a satisfactory posi- 
tion of the stents with exclusion of both fistulae (Fig. 3). 
A vascular closure device (6 Fr Angio-Seal'™, St Jude 
Medical) was used to seal the left femoral artery punc- 
ture site. These were amenable to endovascular treat- 
ment by placing a covered stent over the fistulous defect 
and thus avoiding an open surgical procedure (Fig. 3). 
The patient was subsequently discharged on the second 
day following the procedure with no immediate compli- 
cations. There was a significant improvement in the right 
leg ulcerations on subsequent review in the vascular 
clinic with an ankle brachial pressure index of 0.8 from a 
pre intervention recording of 0.37. 


DISCUSSION 
Arteriovenous fistula occur following penetrating 


injuries such as percutaneous interventions, surgical pro- 
cedures and venous catheterization although they can 
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Superficial femoral 
artery stent 


Fig. 3 Stents deployed in the righ: profunda and superficial 
femoral artery. 


rarely present after blunt trauma.” The overal incidence 
of arteriovenous fistula following percutaneous femoral 
puncture for cardiac catheterization is 1%.” The risk fac- 
tors for arteriovenous fistula formation following percu- 
taneous femoral puncture from multivariant analysis 
were use of anticoagulation, arterial hypertension, female 
gender, puncture of superficial femoral or profunda 
artery and left groin puncture.*”' 

AVF may be relatively asymptomatic wizh bruising 
and small haematomas in the acute phase artributed to 
the percutaneous intervention. However chronic arterio- 
venous fistula may present with symptoms of intermit- 
tent claudication due to the steal phenomenon. Iliac and 
femoral artery aneurysms occur due to increased flow of 
blood through the arterial tree due to short circuiting of 
the blood. Venous hypertension and high output cardiac 
failure are also a consequence of this increased handling 
of high-volume blood flow.” © 

The diagnosis of arteriovenous fistula is by clinical 
findings of bruit in conjunction with corroborating 
history. However, a bruit may not always be detected 
clinically, especially when the arteriovenous fistula is 
deep within the tissues. Due tc the steal phenomenon, 
blood flow to the extremities may be compromised, as 
evidenced by reduced or absent distal peripheral pulses. 
Patients may present with intermittent claudication. 
Although critical limb ischaemia, resulting in ischaemic 
ulceration is possible with a significant steal, this has not 
been reported in the literature previously. 

Duplex imaging is diagnostic for arteriovenous fistula 
and offers the advantage of a non-invasive investigation. 
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The waveform is characteristically high volume, mono- 
phasic with turbulence and the jet stream, visualized by 
the color aliasing. It gives dynamic information of the 
site of the arteriovenous fistula in addition to the grade 
of steal into the venous system. It is a diagnostic investi- 
gation for peripheral arteriovenous fistula. Intra-arterial 
digital subtraction angiography has the advantage of high 
specificity and helps localize the arteriovenous fistula by 
selective cannulation of the vessel. 

The management of arteriovenous fistula is multi- 
modal. Non-invasive management with manual pressure 
applied using an ultrasound probe or simple prolonged 
bandaging have been proven to be effective and econom- 
ical.” One third of all arteriovenous fistula close sponta- 
neously in one year, and hence, there is some evidence to 
manage asymptomatic arteriovenous fistula conserva- 
tively by a wait and watch policy before initiating any 
treatment.” 

Endovascular techniques have the advantage of being 
a minimally invasive intervention with reduced patient 
morbidity and in-patient stay. Covered stents help exclude 
the fistula from the arterial blood flow and thus results 
in thrombotic occlusion of the fistula.’"” In addition, 
there is also the option of using glue to occlude the fis- 
tula by selective catheterization of the affected vessel.” 

Surgical management is reserved for arteriovenous 
fistulae that are symptomatic and fail treatment by non- 
invasive techniques. It is the gold standard and involves 
identification of the fistula, resecting it and repair of the 
artery. Although it has a high success rate of over 96%, 
there are potential complications of major bleeding from 
the arterialized vein, groin infection and scarring. ® ® 

The complication of arteriovenous fistula resulting 
from percutaneous procedures can be minimized by var- 
ious precautionary measures. The use of an ultrasound- 
guided, central venous line cannulation has been recog- 
nized as a safe technique to reduce complications. Simi- 
larly, there is emerging evidence to demonstrate that the 
use of ultrasound-guided femoral puncture reduces the 
incidence of complications such as arteriovenous fistula, 
false aneurysm formation and haematoma. Ultrasound 
helps determine the level of bifurcation of the common 
femoral artery and thus avoids the inadvertent puncture 
of the superficial femoral or profunda artery. The latter 
are well identified risk factors for arteriovenous fistula 
formation.” 

The use of fluoroscopy to mark the head of the femur, 
which is also a reliable anatomical landmark for bifurca- 
tion of the common femoral artery, has been demonstrated 
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to'be a safe technique to avoid puncture of the superficial 
femoral artery.and profunda artery.” 

Commercially, available vascular closure devices are 
increasingly being used in the clinical practice du: 
their convenience and ease of use. These devices are 
introduced intrauminally and deploy a seal or ligature 
over the arteridl puncture site. There is evidence to sug- 
gest that these devices, when used appropriately, help 
reduce the complications associated with percutaneous 
puncture. ™ 
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Fibromuscular Dysplasia of the Lower Extremities 
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Fibromuscular dysplasia (FMD) is a nonatherosclerotic, non-inflammatory vascular disease that mainly 
affects the renal and internal carotid arteries. Involvement of other sites, including arteries of the extremi- 
ties, is uncommon, and only a few histologically confirmed cases have been reported. FMD of the arteries 
of the extremities can result in ischemia requiring surgical or endovascular reconstruction. In the present 
report, two cases of FMD are described: one case of femoropopliteal artery occlusive disease, and one case 
of nonsymptomatic progression of external iliac artery dissection, both with histological confirmation of 
FMD. Clinical presentation, treatment, outcome and histological findings of previously reported cases are 
reviewed. FMD should be considered as a cause of occlusion, stenosis, dissection or aneurysm of the periph- 
eral arteries: although rare, it can lead to limb-threatening ischemia or life-threatening aneurysm rupture. 


Key words: fibromuscular dysplasia, femoral artery, iliac artery, dissection, aneurysm, extremity 


INTRODUCTION 


| nense dysplasia (FMD) is a nonatherosclerot- 
ic, non-inflammatory systemic occlusive arteriopathy 
of unknown etiology that mainly affects renal, carotid, 
and splanchnic arteries. Since it was first described in 
1938," numerous reports have appeared describing the 
disease both in renal arteries and extra-renal vessels.” In- 
volvement of the arteries of the extremities is uncom- 
mon, and only a few histologically confirmed cases have 
been reported. FMD-related lesions in the extremities oc- 
casionally cause limb ischemia through luminal stenosis 
or peripheral thrombus. Aneurysm formation caused by 
FMD may also cause limb ischemia through peripheral 
thrombus. This ischemia can be resolved with arterial re- 
construction. 
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REPORT OF CASES 


Case 1 


Clinical findings 

A 63-year-old woman presented with disabling left leg 
claudication, along with hypertension and hypercholes- 
terolemia treated by oral medication. Physical examina- 
tion revealed a pulsating mass in the lower abdomen, 
normal pulses over the femoral arteries, a bilateral pul- 
sating mass on the popliteal arteries, and no pulsation 
over the left pedal artery. The left foot was cold with 
skin pallor. Ankle-brachial pressure indices were 0.37 on 
the left and 0.75 on the right. Laboratory values upon 
admission included serum cholesterol of 396 mg/dl and 
triglycerides of 674 mg/d]. Three-dimensional computed 
tomography (CT) revealed bilateral common iliac artery 
aneurysms (measuring 5.9 cm in the left and 4.0 cm in 
the right), and serial stenoses altering with mural aneu- 
rysms in bilateral superficial femoral and popliteal arter- 
les (the classic “‘string-of-beads” appearance) (Fig. D. 
Popliteal arteries presented with aneurysms (measuring 
17 mm in the left and 20 mm in the right) with luminal 
thrombi. The left popliteal artery was occluded above the 
trifurcation, and only the peroneal artery was contrast 
enhanced through collateral vessels. On the right side, 
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Fig. 1 Computed tomographic angiography of 
case |. “String-of-beads” appearance on 
bilateral the femoral and popliteal arteries. 


the lumen of the right popliteal aneurysm was patent, the 
tibioperoneal trunk was occluded, and only the anterior 
tibial artery was patent. There were no abnormal find- 
ings on the renal or visceral arteries, although the “‘string- 
of-beads” appearance was observed bilaterally in the 
internal carotid arteries. From the characteristic “‘string- 
of-beads” appearance, FMD of bilateral femoropopliteal 
and internal carotid arteries, and bilateral common iliac 
and bilateral popliteal artery aneurysms were diagnosed. 

The iliac aneurysms were successfully excised and 
reconstructed with a Y graft. After 1 month, left leg isch- 
emia was treated with a femoral to peroneal artery 
bypass with a reversed great saphenous vein. The super- 
ficial femoral artery was ligated at its origin, and its short 
segment was excised for histological examination. The 
postoperative course was uneventful. 


Histological findings 

The medial layer of the femoral artery was thickened 
by marked collagen fibrosis and muscular hyperplasia. 
Smooth muscle fibers were focally disorganized, and 
internal elastic membrane was partially fragmented. 
Intima contained marked fibrous thickening and a focus 
of atheromatous gruel (Fig. 2). Findings were compatible 
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Fig. 2 Femoral artery of case | in cross-section. Medial layer is 


focally thickened with marked collagen fibrosis and dis- 
organized muscular hyperplasia. Internal elastic mem- 
brane is partially fragmented. Intima also shows a marked 
fibrous thickening and focus of atheromatous gruel. (elas- 
tic van Gieson stain, original magnification x 40) 


with medial fibroplasia with associated atherosclerotic 
change caused by aging and hyperlipidemia. 


Case 2 


Clinical findings 

A 37-year-old man presented with sudden-onset back 
pain. No clinical features suggestive of Marfan or Ehlers- 
Danlos syndrome were present. Although the patient 
reported no history of vascular events, he had a family his- 
tory of maternal death at 60 years of age by rupture of an 
aneurysm. Because CT revealed the presence of a retro- 
peritoneal hematoma surrounding the body of the pan- 
creas, acute pancreatitis was diagnosed and the treatment 
with intravenous administration of protease inhibitor was 
initiated. Thereafter, detailed CT findings suggested dis- 
section and rupture and spontaneous thrombus of the celiac 
artery (Fig. 3). Percutaneous transluminal coil emboliza- 
tion of the partially thrombosed celiac trunk was success- 
fully conducted. Systemic vascular investigation revealed a 
short segment of dissection in the right external iliac artery. 
The renal, cerebral, and peripheral arteries appeared nor- 
mal. No symptoms of lower leg ischemia were present ini- 
tially. After follow-up by three-dimensional CT for 17 
months, the right iliac dissected lumen was enlarged, and a 
new dissection appeared in the left external iliac artery 
(Fig. 4). Resection and interposition of bilateral external 
iliac arteries with ePTFE prosthetic grafts were performed. 
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FMD of the Lower Extremities 


LGA 


Occluded SA 


Fig. 3 Computed tomographiz angiography of case 2. Dissected celiac artery with segmen- 


tal thrombosis. Partially patent lumen of splenic artery was contrast enhanced 


through posterior pancreatic artery. 


CA, cel-ac artery; SA, splenic artery; PHA, proper hepatic artery; GDA, gastroduodenal 
artery; LGA, left gastric artery; DPA, dorsal pancreatic artery 





Fig.4 Computed tomographic angiography of A | B 
case 2. Dissections in right (A) and left | 


(B) external iliac arteries. 


Luminal visualization of the resected external iliac arteries 
revealed dissection and unusual corrugations by serial wall 
thickening and an intervening crease (Fig. 5). The postop- 
erative course was uneventful. 


Histological findings 

External iliac artery cross-section revealed both 
intimal and medial thickening and medial dissection. 
Intimal layer had irregularly arranged mesenchymal 
cells present in a loose matrix of fibrous connective 
tissue. No lipid or inflammatory comporents were 
present. The inner media was thickened with disori- 
ented smooth muscle fibers, and the internal elastic 
membrane was partially fragmented. A dissected 
channel was present at the outer third of the media, 
dividing the medial layer into a fibroplastic inner 
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Fig. 5 Macroscopic luminal view of resected external iliac 
artery in case 2. Dissection and unusual corrugations 
by serial wall thickening and the intervening crease 


are visible. 


layer and an almost intact paramedial layer. External 
elastic membrane and adventitia were almost intact 
(Fig. 6). Findings were compatible with medial dis- 
section with concomitant secondary intimal fibro- 
plasia. 


DISCUSSION 


Fibromuscular dysplasia is a group of nonatheroscle- 
rotic, non-inflammatory arteriopathy that most com- 
monly involve renal and carotid arteries, though it has 
been described in almost every arterial bed in the body. 
The clinical presentation may vary from an asymptom- 
atic condition to a limb-threatening ischemia or life- 
threatening hemorrhage, depending on the involvement 
of the arterial bed, degree of stenosis, and pathological 
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Pp oe tr T, 

Fig. 6 External iliac artery of case 2 in cross-section. A dis- 
sected channel is present at the outer third of media. di- 
viding the medial layer into a fibroplastic inner part and 
an almost intact perimedial part. Intima is also thick- 
ened with irregularly arranged mesenchymal cells. (ekas- 


tic van Gieson stain, original magnification x 40) 


types of FMD. 

A pathological classification of FMD was proposed 
by Harrison and McCormack according to the vessel 
layer involved; i.e., medial, intimal, and adventitial.” 
Medial fibromuscular dysplasia is most common (85%) 
and has been defined further into four subgroups: medial 
fibroplasia, perimedial fibroplasia, medial hyperplasia, 
and medial dissection. 

Medial fibroplasia occurs most frequently and is well 
known because of the “string-of-beads” appearance on 
angiography. This appearance is the result of focal areas 
of stenosis with intervening areas of aneurysmal dilata- 
tion. Stenotic areas are due to thickened fibromuscular 
ridges, in which the arterial muscle is completely 
replaced by fibroplasia with loose collagen. The mural 
aneurysm results from thinning or complete loss of 
smooth muscle. The internal elastic membrane is defi- 
cient in the aneurysms. 

In medial hyperplasia, the stenosis is produced pri- 
marily by hyperplasia of arterial smooth muscle cells. 

In medial dissection, a channel is located on the outer 
third of the media. The media displays zones of fibropla- 
sia replacing degenerated elastic fibrils, particularly 
around the channel. 

Perimedial fibroplasia is characterized by marked, 
intense fibroplasia in the outer half of the media which 
usually replace the external elastic membrane. The fibro- 
plastic layer varies in thickness, so considerable irregu- 
larity of the lumen is produced. 

Intimal fibroplasia occurs in less than 10% of patients 
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with FMD and is characterized by an accumulation of 
loose, moderately cellular fibrous tissue without athero- 
sclerotic or inflammatory components. Blunt trauma, 
catheter-induced intraluminal injury, or luminal stenosis 
of the vessel may cause “secondary” intimal fibroplasia. 

Adventitial fibroplasia is the least common in the renal 
FMD and, to our knowledge, has never been reported in 
extremity arteries. 

Using the Harrison and McCormack classification, 
case | was diagnosed as medial fibroplasia with added 
atherosclerotic change; case 2 was diagnosed as medial 
dissection with secondary intimal fibroplasia. Without a 
histological diagnosis, we are not certain if the celiac 
arterial dissection in case 2 was caused by FMD, 
although FMD could occasionally occur in visceral arter- 
ies, and there are some reports describing celiac artery 
dissection caused by FMD, with a histological diagnosis.” 

The etiology of FMD has been the subject of much 
speculation. Cigarette smoking is associated with an 
increased risk of this disease; however, the mechanisms 
by which smoking contributes to the development of 
FMD have not been elucidated. The predominance of the 
disease in middle-aged women has led to the suggestion 
that it is caused by a hormonal influence on smooth mus- 
cle. Mechanical vessel wall stress is another classical 
hypothesis, as FMD of the renal arteries often co-pres- 
ents with ptosis of the right kidney. Sang et al. analyzed 
these environmental factors in a case-control study of 33 
patients with FMD. The number of pregnancies, oral 
contraceptives, gynecological disorders, and incidence of 
abnormal renal mobility did not differ between patients 
with FMD and matched controls.” Genetic factors may 
also play a role in FMD, and since the disease is more 
common among first-degree relatives,” an autosomal 
dominant transmission of the disease has been sug- 
gested.” ® Some inheritable connective tissue disorders, 
such as Ehlers-Danlos syndrome (type IV)” and Marfan 
syndrome,” are associated with multiple aneurysms and 
arterial dissection and have been associated with FMD. 
Bofinger et al. reported a significantly higher frequency 
of angiotensin-converting enzyme I allele in FMD 
patients than in controls’ and suggested that a polymor- 
phism of the renin-angiotensin system may cause defec- 
tive remodeling in the muscular layer of arteries and sub- 
sequent development of FMD. Autoimmunity associated 
with HLA Drw6 was also suggested in a limited study.” 
Because of the lack of large cohorts, these studies on the 
possible causes of FMD have not been confirmed. 

Numerous reports have described FMD occurring in 
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Table 1 FMD in femoral and popliteal arteries 


FMD of the Lower Extremities 


Author (year) Age Sex Site of disease Appearance 
Prince and 1 M Bilateral femoral Beaded 
Vawter (1971) arteries 
16 M Right popliteal Aneurysm 
artery 
Tisnado etal. 69 F _ Bilateral femoral to Beaded 
(1982) popliteal arteries 
Iwai et al. 65 F Bilateral popliteal Beaded 
(1985) arteries 
25- oF Right popliteal Beaded 
artery 
48 M Right deep Beaded 
femoral artery 
Stinnet et al. 10 F Bilateral popliteal Aneurysm 
(1987) arteries 
Dungenetal. 15 F Right superficial Occlusion 
(1990) femoral artery 
21 M Left superficial Occlusion 
femoral artery 
36 M Left popliteal artery § Occlusion 
Fiche et al. 20 M Right popliteal artery Aneurysm 
(1991) 
Neukirch etal. 39 F  Leftpopliteal artery Aneurysm 
(1996) 
present case 63 F Bilateral fermoral to Beaded 
(2009) popliteal arteries 


FMD, fibromuscular dysplasia 


renal arteries and extrarenal vessels. In 1982, Mettinger 
and Ericson reviewed reports concerning 1197 patients 


_ with FMD.” Renal arteries were involved in 58%, cervi- 


cocranial arteries in 32%, visceral arteries in 25%, and 
iliac arteries in 25% of cases. Of these nearly 1200 cases, 
only one was located in an infrainguinal artery of the 
lower extremity. 

To the best of our knowledge, only 13 cases of FMD 
of the femoral or popliteal artery have been reported in 
the literature, including case 1 in the present report 
(Table 1).*"» Of these 13 cases, seven were female and 
six were male, the mean age was 33 years, and the age 
range was 1-69 years. Angiographically, six cases 
appeared beaded, four were single aneurysms, and three 
were total occlusions. Eight cases of FMD of the femoral 
or popliteal artery had histological FMD diagnoses: 
seven were medial and one intimal. 

Although FMD of the iliac artery (the third most 
common arterial site) with a beaded appearance or with 
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Presentation Treatment Outcome Histology 
Ischemia Amputation Amputation Medial 
Thrombosis Resection Good Medial 
Microemboli Conservative good N/A 
of toes 
Claudication Angioplasty Good Medial 
Sympathectomy 
None None Good N/A 
Raynauds Sympathectomy Good N/A 
syndrome 
Claudication Bypass Good Medial 
hyperplasia 
Claudication Bypass Good Perimedial 
fibroplasia 
Claudication Sympathectomy Amputation Medial 
and bypass dissection 
Claudication Bypass Good Intimal 
Knee effusion interposition Good Medial 
None Resection and Good Media 
anastomosis 
Claudication Bypass Good Medial 


aneurysm formation has been well documented, iliac 
artery dissection caused by FMD has been rarely 
reported. To our knowledge, only 12 cases of iliac artery 
dissection associated with FMD have been reported, 
including case 2 in this report (Table 2). Of these 
cases, seven were male and five were female. The mean 
age was 42 years, and the age range was 21-56 years. 
Most patients presented with leg ischemia or local pain, 
underwent bypass or resection and interposition, and had 
good outcomes. Two patients involved rupture and hypo- 
volemic shock; and, in both cases, the patients died post- 
operatively. Seven reported cases of FMD of the iliac 
artery have had histological diagnoses; all were medial 
FMD. Although our case was asymptomatic, an operative 
indication was decided from the progressive enlargement 
of the dissected pseudolumen, newly developed contra- 
lateral iliac dissection, and possible disastrous conse- 
quences of ruptured dissecting aneurysm. 

It is generally not considered difficult to differentiate 


147 


Okazaki J, et al. 


Table 2 Iliac artery dissection associated with FMD 
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Author (year) Age Sex Site of dissection Symptom treatment Outcome histology 
Burri et al. (1983) 45 F Left external iac artery Inguinal pain Bypass Good medial 
Sauer et al. (1990) 56 F Right common iliac artery Claudication Conservative Good N/A 
Patel et al. (1990) 39 M Left external ihrac artery Inguinal pain Bypass Good medial 
Thevernet et al. (1992) 45 F Right external tiac artery Leg ischemia Bypass Good medial 

51 M Bilateral externa! iliac arteries Claudication Bypass Good N/A 
47 F Right external ihac artery Abdominal pain Bypass Good N/A 
29 F Left external hac artery Abdominal pain __Interposition Good N/A 
with vain 
53 M Right external iliac artery Claudication Bypass Good N/A 
Luck et al. (2002) 45 M Right external iac artery Claudication Endatherectomy Good medial 
Honjo et al. (2004) 30 M Left common iliac artery Shock, rupture Bypass Dead medial 
Yoshioka et al. (2005) 21 M Left common thac artery Abdominal pain, Bypass Dead medial 
rupture 
present case (2009) 37 M Bilateral external iliac arteries none Interposition Good medial 
with ePTFE 





FMD, fibromuscular dysplasia 


atherosclerosis from FMD. Atherosclerosis typically 
occurs in older patients with typical cardiovascular risk 
factors. On the other hand, FMD usually occurs in 
younger patients who have few cardiovascular risk fac- 
tors. Lacking specific markers or effective non-invasive 
tests, angiographic imaging is almost essential for the 
diagnosis of FMD. Recently, computed tomographic 
angiography or gadolinium-enhanced magnetic resonance 
angiography have emerged as less invasive diagnestic 
imaging compared to contrast-enhanced digital subirac- 
tion angiography, Although the “string of beads” appear- 
ance is well known as a specific angiographic feature of 
FMD, FMD subtypes other than medial fibroplasia can 
present with a wide variety of angiographic appearances. 
For example, intimal fibroplasia and medial hyperplasia 
may present as a smooth or focal stenosis. Perimedial 
fibroplasias also may present with “string-of-beads” 
appearance. However, the beads in perimedial fibroplasia 
do not exceed the original arterial lumen. Kincaid et al. 
reported that “string-of beads” appearances were 
observed in 78 (62%) of 125 patients with renal FMD.” 
In cervicocranial vessels, Mettinger et al. reported that 
26 (62%) of 37 patients had a “string-of-beads” appear- 
ance.™ In cases of infrainguinal femoral and popliteal 
arteries, 6 (46%) of 13 had a “string-of-beads” appearance 
(Table 1). Therefore, the “string-of-beads” appearance 
can be specific to medial fibroplasia, but is not sensitive 
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enough to diagnose all cases of FMD. Moreover, these 
angiographic signatures are only visible at the early stage 
of disease. Once an occluded vessel takes on atheroscle- 
rotic and/or inflammatory features, it can be difficult to 
distinguish FMD from atherosclerosis or arteritis without 
histological confirmation. The collection of tissue for 
histological analysis may not be possible from occluded 
peripheral arteries treated with bypass surgery. There- 
fore, a fair amount of peripheral arterial occlusion caused 
by fibrodysplastic disease may be misdiagnosed as a 
common atherosclerotic disease. 

FMD of lower extremities may cause both acute and 
chronic leg ischemia by luminal stenosis, thrombosis and 
distal embolism. It may present with cold legs, intermit- 
tent claudication, ischemic ulcer or limb gangrene and 
may require arterial reconstruction. 

Treatment of FMD of the extremities includes antico- 
agulation, lumbar sympathectomy, bypass surgery, aneu- 
rysm resection, and interposition, depending upon the 
arterial segments involved. Recently, successful percuta- 
neous transluminal angioplasty and endovascular therapy 
have also been reported.” >" 

In conclusion, fibromuscular dysplasia should be con- 
sidered as a potential cause of arterial occlusion, stenosis, 
dissection or aneurysm in the peripheral arteries. 
Although it is a rare cause of such pathologies, FMD 
may lead to life-threatening hemorrhage or limb-threat- 
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F Case Report © 


Contrasting Cases 


INTRODUCTION 


A o fistula (AVF) of the infrarenal aorta is 
a well known clinical entity, which left untreated 
carries a high mortality rate. They can occur secondary 
to erosion of either an abdominal aortic aneurysm (AAA) 
or common iliac artery aneurysms (CIA As) into the ad- 
jacent vena cava.’ The reported incidence is 0.3%-41.5% 
of all patients undergoing surgical treatment for aorto-ili- 
ac aneuryms’” and 6.4%-8.8% among those operated on 
for ruptured aneurysms.” ** Classic teaching describes 
AVF presenting with the triad of symptoms: congestive 
heart failure, a continuous abdominal bruit, and a pulsat- 
ing abdominal mass. However, the clinical presentation 
can be subtle and varied leading to a lack of a preopera- 
tive diagnosis.” * Consequently, massive bleeding can en- 
sue intra-operatively. Therefore, an astute preoperative 
diagnosis can help in identifying optimal operative ap- 
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Surgical Repair of Arteriovenous Fistula Associated with 
linfrarenal Aorto-iliac Aneurysm: Report of Two 


Norihiro Kondo, MD, Kenji Takahashi, MD, Sasumu Takeuchi, MD, and Kazuo Ito, MD 


We present two cases of arteriovenous fistulas associated with aneurysms of the infrarenal aorta or com- 
mon iliac artery. A definitive diagnosis is sometimes difficult given the varied and unclear presentation. 
However, with the correct preoperative diagnosis, mortality can be reduced. Both cases, being reported 
here, were diagnosed preoperatively and underwent alternate surgical repairs. One case was treated by 
aortic exclusion, whereas the second case was treated by primary closure of the fistula. Repair techniques 
were chosen based on acuity of presentation. Given our experience with these two cases, we conclude that 
direct closure is possible but dependent on the chronicity of the lesion. 


Key words: arteriovenous fistula, surgical repair, ruptured aorto-iliac aneurysm 


proaches and minimize intra-op blood loss. We present 
two cases of AVFs in which the lesion had been diag- 
nosed preoperatively and each patient underwent a tal- 
lored repair technique. 


CASE REPORT 


Case 1 

A 55-year-old man presented to our emergency room 
complaining of low abdominal pain, right leg pain, and 
anuria for 12 hours. Physical examination demonstrated a 
soft, non-distended, nontender abdomen without palpable 
masses or bruits. His legs were non cyanotic. Of note, the 
patient was 167 cm tall and weighed 87 kg making deep 
palpation of the abdomen difficult. Urethral catheteriza- 
tion obtained 20 mL of gross hematuria. Non contrast 
abdominal and pelvic computed tomography (CT) 
showed an infrarenal AAA with bilateral CIAAs. 
Enhanced CT revealed a right common iliac artery aneu- 
rysm measuring 6 cm in diameter, which was abutting 
and possibly involving the common iliac vein. The aneu- 
rysmal wall was thin and the right iliac vein enhanced in 
the arterial phase (Fig. 1). The patient was hemodynami- 
cally stable with a normal chest X-ray. Nevertheless, an 
urgent operation was performed with a provisional diag- 
nosis of AVF to a ruptured iliac artery aneurysm. Surgical 
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Fig. 1 Preoperative abdominal computed tomography image 


from Case | demonstrates an aneurysm of the right com- 
mon iliac artery with thinning of the aneurysmal wall. 
The right iliac vein was enhanced in the arterial phase. 


approach was a median laparotomy. After standard prox- 
imal and distal control, the aneurysm was opened. At this 
point, a large amount of venous blood pooled into the 
operative field from an AVF, measuring 3.0 cm x 1.0 cm, 
originating distal to the aortic bifurcation. Direct closure 
was attempted, however, the fistula wall was extremely 
fragile, similar in consistency to necrotic tissue. Given 
the lack of tissue integrity to support a surgical repair it 
was decided to close the aneurysmal wall and manage 
the AVF with an aortic exclusion procedure.” The lum- 
ber arteries were oversewn, and the aneurysm sac was 
closed. AVF bleeding was controlled by venous compres- 
sion. The aneurysm sac was excluded by ligation and 
oversewing proximally and distally (Fig. 2). An anatomi- 
cal reconstruction was performed with a 20-mm woven 
Dacron bifurcated graft (Fig. 2). His hematuria resolved 
almost immediately. However, the patient had a pro- 
longed post operative course (53 days) complicated by a 
non mechanical intestinal obstruction, and he had no 
direct procedure-related complications. He did not 
require hemodialysis and no evidence was found to sug- 
gest deep vein thrombosis or pulmonary thromboembo- 
lism. 


Case 2 
A 66 year old man was referred to the Department of 
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Fig. 2. Schematic illustration of the surgical repair used in Case 
|. The aorta was divided proximally and the aneurismal 
wall was oversewn proximal to its distal aortotomy edge. 
A Y-shaped graft was anastomosed in an end-to-end 
fashion. The position of the fistula (solid arrow) is shown 
behind the right common iliac aneurysm. 


Cardiology at our institution for evaluation of a systolic 
abdominal bruit. He had no symptoms, but chest X-ray 
showed a right sided pleural effusion. Contrast enhanced 
CT showed an infrarenal AAA measuring 8.3 cm x 7.0 
cm. The lesion was compressing the adjacent IVC, and 
there appeared to be contrast leakage into the inferior 
vena cava (Fig. 3). The patient was immediately trans- 
ferred to our service and taken to the operating room for 
an emergent repair of the aneurysm. Our approach was a 
median laparotomy. The AAA was identified and proxi- 
mal, and distal control was obtained. The aneurysmal sac 
was opened, the adherent thrombus was removed, and 
venous blood was noted to be pooling into the field. A 2 
cm x | cm communication was identified between the 
aneurysmal wall and the vena cava. Venous bleeding was 
controlled by direct compression. The wall of the AVF 
was solid, thereby permitting direct closure with felt strip 
reinforcements. The patient had an uneventful post oper- 
ative course and was discharged after 21 days. 


DISCUSSION 
The overall incidence of AVFs is cited as 0.2% to 2.2% 
of all infrarenal aortoiliac aneurysms undergoing sur- 


1-3 E . . 
gery. — Aneurysmal erosion into the venous system is the 
most common etiology for communication between the 
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Fig. 3 Preoperative abdominal computed tomography from 


Case 2 revealed the contrast media leaking into the infe- 


rior vena cava, which was compressed and involved with 


the aneurysm. 


two systems.’ The erosion results from spontaneous 
rupture of an atherosclerotic aneurysm directly into the 
adjacent vein. The current theory behind the develop- 
ment of these fistulas is that pressure and tension ‘rom 
large aneurysms produce necrosis of the aortic wall. This 
results in an adventitial inflammatory reaction and 
recruitment of adjacent vein(s) to the diseased artery. The 
inflammation progresses until the arterial wall ruptures 
into the venous system, creating a fistula.” 

Diagnosing an AVF can be difficult because the clas- 
sic signs (pulsatile abdominal mass with bruit and high- 
output heart failure) are present in only 20%-50% of 
reported cases.” Patients with AVF present atypically” 
with decompensated congestive heart failure occurring 
in only 35% of cases.” As an example, our second patient 
had a chest X-ray with a right sided pleural effusion but 
was otherwise asymptomatic. Takazawa et al. reported 
the following as reasons for a delay in diagnosis: 1) shock 
often obscures symptoms when an immediate operation 
is needed 2) there is decreased shunt flow due to venous 
compression by large aneurysms 3) there is often-time 
partial obstruction of the AVF by mural thrombus.’“Such 


compression can compromise venous return to the heart 
and elevate peripheral venous pressures. This can mani- 
fest as swelling of the lower extremities,” hematuria,” 
renal insufficiency,” ” scrotal edema, and even rectal 
bleeding.” If attention is directed purely on these second- 
ary symptoms, there will inherently be a delay in diag- 
nosing and treating AVFs. This delay can be catastrophic 
given a mortality rate of 30%.” The condition thus 
requires a prudent preoperative diagnosis and urgent 
repair.l The quoted operative mortality rate of AVF 
repairs ranges from 16% 66%.’ This relatively high 
mortality rate is attributed to other co-morbidities as age, 
coronary artery disease and congestive heart failure. 
Having the correct preoperative diagnosis can reduce 
intraoperative blood loss when performing an urgent 
AVF repair. Nevertheless, control of venous bleeding 
remains a challenge. Manual compression proximally 
and distally to the fistula is a useful maneuver.” Alterna- 
tively, balloon occlusion via a transfemoral or transfis- 
tural insertion can be attempted. In the event of irretract- 
able venous bleeding from the AVF, it may be necessary 
to ligate the IVC." The ideal approach to control 
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bleeding would be to snare the proximal IVC and the 
distal portion of the AVF. However, this can be difficult 
given the adhesions between the arteries and the vein. 
This approach was attempted but abandoned in the pres- 
ent two cases considering the possibility of venous injury. 

In the event of a friable wall, direct closure can be dif- 
ficult. The exclusion method® can be useful as it avoids 
manipulating the fragile fistula. 

A potential complication of this method is deep vein 
thrombosis (DVT) as reported by Wooley and col- 
leagues.” A relationship might exist between venous 
thrombus and the thrombus in the excluded aortic seg- 
ment.” In our first case, the aneurysmal sac was filled 
with thrombus. However, the thrombus remained stable 
not to be dislodged from the cavity into the venous sys- 
tem. The clot would eventually become organized, and 
the venous opening would be closed with scar tissue.” 
Venous thrombosis remains a reported complication after 
surgery for ruptured aortic aneurysms.” Since DVTs can 
be multi-factorial, it is crucial to keep the venous system 
intact and implement standard DVT precautions. The 
possibility of direct closure might depend on the chronic- 
ity of the fistula. The present cases illustrate that closure 
should be avoided in the acute scenario (e.g., Case 1), 
while entertained in the chronic scenario (e.g Case 2). 

Because of its rarity and associated technical difficul- 
ties, AVFs presents a challenge to the vascular surgeon. 
However with an early preoperative diagnosis, minimiza- 
tion of blood loss and use of appropriate bypass tech- 
niques, satisfactory outcomes can be attained. 
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Pseudoaneurysm in the Left Groin due to Ruptured Knitted 


Dacron Graft 


Masahiro Ryugo, MD, Takumi Yasugi, MD, Mitsugi Nagashima, MD, Hironori Izutani, MD, Toru Okamura, MD, 
Fumiaki Shikata, MD, Masashi Kawamura, MD, and Kanji Kawachi, MD 


An 82-year-old man was admitted to our institution with a painful pulsating mass in the left groin. He had 
undergone bypass surgery with a bifurcated Cooley double velour knitted Dacron graft to treat aorto-iliac 
occlusive disease 21 years previously. Computed tomography demonstrated a 35-mm pseudoaneurysm near 
the distal anastomosis site of the graft. Opening the aneurysm revealed that the graft was disrupted along 
the guideline. We resected the aneurysm and interposed an expanded polytetrafluoroethylene (ePTFE) 
graft. Vascular surgeons should consider that grafts can fail m patients with long-term prosthetic grafts. 


Key words: endovascular aortic repair, polyester vascular prostheses, degradation 


CASE REPORT 


A 82-year-old man with claudication due to aortoili- 
c occlusive disease in both legs was treated in 1988 
at another hospital by an aorto-bifemoral bypass using a 
bifurcated Cooley double velour knitted Dacron (CD- 
VKD) graft. He was admitted to our institution in 2007 
with a pseudoaneurysm of the proximal anastomotic site, 
and treated by endovascular aortic repair using a hand- 
made stent graft via an approach from the right limb of 
the bifurcated graft (Fig. la). 

He was admitted to our institution again in January 
2010 with a painful pulsating mass in the left groin. The 
left dorsal pedal and posterior tibial arteries were palpa- 
ble and the thigh was slightly swollen due to compression 
of the femoral vein by the mass. Computed tomography 
(CT) indicated a 35-mm para-anastomotic pseudoaneu- 
rysm of the left limb of the graft that was not detected in 
2007 (Fig. 1b). The graft was replaced to avoid rupture 
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of this aneurysm. 

The operation proceeded under general anesthesia 
with the patient in the supine position. The proximal site 
of the aneurysm of the previous bypass graft just above 
the inguinal ligament, as well as the superficial and deep 
femoral arteries, were encircled and clamped. Opening 
the aneurysmal wall and removing some thrombus 
revealed a Dacron graft that had become disrupted along 
the guideline (Fig. 2). No changes were evident at the 
previous anastomotic portion. The area from the intact 
part of the Dacron graft to the native superficial femoral 
artery was replaced with an 8-mm-ringed expanded 
polytetrafluoroethylene (ePTFE) graft, and we recon- 
structed the deep femoral artery using an interposed 
8-mm ringed ePTFE graft. 

A postoperative CT scan did not confirm an inappro- 
priate blood flow in the operative area and also showed a 
patent reconstructed ePTFE graft. Microscopic examina- 
tion of the resected specimen revealed a relatively loose 
array of fibers, a few seeds of intimal cells and inflam- 
matory cell infiltration at the site of the guideline, indi- 
cating that the Dacron graft had deteriorated (Fig. 3). 
The postoperative course of the patient was uneventful 
except for prolonged wound healing due to chronic peri- 
aneurysmal inflammatory changes, and he was dis- 
charged two months after the operation. 
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Fig. 1 Computed tomography findings. 


Late Stage Rupture of Dacron Graft 





Three-dimensional CT scan of para-anastomotic pseudoaneurysm of proximal anastomotic site (arrow) in 2007 


(A). CT scan in 2010 (B) shows 35-mm pseudoaneurysm in left groin, 2 cm above end-to-side anastomotic portion 


of previous bifurcated graft bypass. 
CT, computed tomography 





Fig. 2 Intraoperative photograph shows disrupted left graft 


limb beneath guideline. 
Arrow, left superficial femoral artery; arrowheads, opened 
wall of pseudoaneurysm 


DISCUSSION 


We described the rare rupture of a knitted Dacron 
graft after 21 years in situ. The presence of a few graft 
fibers in the aneurysmal site upon microscopic examina- 
tion indicated that rupture might have followed graft 
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dilation. In addition, the pseudoaneurysm of the proximal 
anastomotic site that was treated by endovascular repair 
in 2007 might also have caused the graft to deteriorate. 

Several reports have described aneurysms or late-stage 
disruption of CDVKD grafts." Most of them focus on 
aneurysmal changes or rupture of CDVKD grafts pro- 
duced before 1982. Despite the assertion by Meadox 
Medical Inc. that aneurysmal changes have not occurred 
since the second-generation product was introduced in 
1982, some reports have indicated otherwise.” ® 

Intrinsic Dacron grafts fail in 0.5%-3% of patients. 
The average duration between implantation and the 
detection of graft failure is 77 months.” Long term deg- 
radation is a complication of polyester vascular prosthe- 
ses, including knitted Dacron grafts, that might lead to 
dilation or prosthetic rupture.” ”’ Degradation might be 
related to several factors, such as the structural nature of 
the textile, changes in the prosthesis during the manufac- 
turing process or during implantation by handling or 
clamping. Secondary physicochemical alterations when 
the prosthesis is exposed to a chronic inflammatory reac- 
tion to foreign bodies and systolo-diastolic arterial stress 


10) 


might also contribute to degradation.’ Aneurysms in the 
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Fig. 3 Microscopic findings of site of graft disruption. 





a | Æ 


Guideline site (A) and site opposite guideline (B). Dyed yarn (black) indicate guideline site. Fibers are relatively 
loose and inflammatory cells have infiltrated around Dacron graft at guideline site, indicating deterioration. 


groin are usually located in aorto-iliac or aorto-femoral 
bypass grafts, followed by the costal arch in axillo-femo- 
ral bypass grafts. These findings indicate the influence 
of medical stress on the grafts. Chakfe et al. analyzed the 
textile structure of 20 knitted polyester vascular prosthe- 
ses, including 15 CDVKD grafts, and found that longitu- 
dinal ruptures always occur in two specific areas of the 
prosthesis, namely at the guideline and at the remeshing 
line.” The guideline is produced by incorporating a dyed 
yarn in the knit, and its function is to avoid the prosthesis 
twisting at the time of implantation. The remeshing line 
is created by a knit technique. These two lines might rep- 
resent areas of weakness in such prostheses. The graft 
ruptured at the guideline in our patient. 

Patients implanted with Dacron grafts require regular 
and long term follow-up by CT scanning and physical 
examinations to avoid late-stage graft disruption and 
fatal hemorrhage. All dilated portions should be surgi- 
cally removed, and replacement with an ePTFE graft 
might be advisable as in the present case, because late 
stage rupture of these grafts is rare. 

We described a rare late stage rupture of a bifurcated 
knitted Dacron graft. We surgically reconstructed the 
previous graft using new ringed ePTFE grafts. The 
remainder of the previous graft is under strict follow up. 
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Surgical Outcome of Two Difficult Cases with Predominant 
Proximal Pulmonary Artery Lesions of Chronic 
Thromboembolic Pulmonary Hypertension 


Takashi Murashita, MD, Hitoshi Ogino, MD, PhD, Hitoshi Matsuda, MD, PhD, Hiroaki Sasaki, MD, PhD, 
Hiroshi Tanaka, MD, PhD, Yutaka Iba, MD, Keitaro Doumae, MD, Tatsuki Fujiwara, MD, 


Masatoshi Shimada, MD, and Naoki Okuda, MD 


Pulmonary endarterectomy (PEA) for chronic thromboembolic pulmonary hypertension (CTEPH) is still 
challenging. The outcome of patients with proximal pulmonary artery disease is generally better than that 
of a distal lesion. However, we experienced poor results in two difficult cases having predominant proximal 
lesions even after effective PEA. Both of them had a long-time history of CTEPH and preoperative condi- 
tion was critical. Although relatively large amount of thickened intima with massive thrombi were 
extracted from the proximal pulmonary arteries, they required postoperative percutaneous cardiopulmo- 
nary support due to residual pulmonary hypertension. Both of them finally died from pulmonary bleeding 


and adult respiratory distress syndrome. 


Key words: chronic thromboembolic pulmonary hypertension, pulmonary endarterectomy, proximal lesion, dis- 


tal lesion 


INTRODUCTION 


ince the San Diego group established surgical proce- 

dures for chronic thromboembolic pulmonary hyper- 
tension (CTEPH),’™ successful results of pulmonary end- 
arterectomy (PEA) have been reported from other insti- 
tutions. However, PEA is still challenging and technically 
demanding with higher mortality than usual cardiac sur- 
geries. In particular, for patients with distal pulmonary 
artery disease, PEA is, technically, more difficult and, 
obviously, its outcome is much poorer than that of proxi- 
mal disease.” In our previous study, we also reported 
that the mortality of proximal and distal disease after 
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PEA was 3.9% and 13.5%, respectively.” In this report, 
we present two exceptionally difficult cases of severe 
CTEPH with proximal lesions who died from residual 
pulmonary hypertension after effective likelihood PEA. 


CASE 1 


A 40-year-old female with 10 years history of CTEPH 
who had a deficiency of protein S and C was referred to 
our hospital for PEA. Since the onset of acute pulmonary 
embolism ten years ago, dyspnea on effort had gradually 
progressed. She started home oxygen therapy (HOT) 6 
years ago. On admission, she could not walk at all and 
was always bed-ridden. Her New York Heart Association 
(NYHA) class was IV. She was on dobutamine of 2 ug/ 
kg/min and intravenous prostacyclin therapy with epo- 
prostenol sodium of 4.5 ng/kg/min. Her oxygen satura- 
tion on pulse oximetry was 82% even under HOT. The 
cardiac catheter study showed that the mean pulmonary 
artery pressure (mPAP) was 59 mmHg and pulmonary 
vascular resistance (PVR) was 1855 dynes-sec cm”. The 
cardiac output and cardiac index were 2.4 L/min and 1.7 
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Fig. 1 Preoperative pulmonary artery angiography in case 1. Massive thrombi in the main region and diffuse 
thrombi in the distal region of both pulmonary arteries. 
A: Right pulmonary artery, B: Left pulmonary artery 


L/min/m*. Pulmonary artery angiography (PAG) shows 
large thrombi in the both main pulmonary arteries and 
segmental artery lesions to be accessible at PEA (Fig. 1). 
Transthoracic echocardiography showed severe tricuspid 
regurgitation and patent foramen ovale (PFO). Brain 
natriuretic peptide (BNP) level was 1111 ng/ml. 

We performed PEA using intermittent deep hypo- 
thermia circulatory arrest (DHCA) at 18°C.'~ Initially, 
atheromatous change of old thrombi in the both main 
pulmonary arteries was found. A large amount of thick- 
ened intima with them was extracted from the both 
proximal pulmonary arteries, although PEA was not 
smoothly done for the distal lesions (Fig. 3A). The total 
circulatory arrest time was 50 minutes. Tricuspid annulo- 
plasty using a 30 mm Edwards MC’ ring and direct clo- 
sure of PFO were concomitantly performed. Despite 
PEA, residual pulmonary hypertension developed with 
mPAP of 60 mmHg. Weaning from cardiopulmonary 
bypass (CPB) was unsuccessful and percutaneous cardio- 
pulmonary support (PCPS) was used via a femoro-temo- 
ral veno-arterial circuit. The patient was transferred to 
the intensive care unit. The postoperative systemic blood 
pressure was 100/60 mmHg, PVR was 1538 dynessec™'- 
cm™, and cardiac output was 2.0 L/min. Weaning from 
PCPS was attempted several times on the following days, 
but it failed due to residual pulmonary hypertension and 
right heart failure. On postoperative day (POD) 6, mas- 
sive pulmonary bleeding from the bronchial artery sud- 


denly occurred with support of PCPS and use of heparin. 
Emergency coil embolization of one branch of the right 
internal thoracic artery was carried out, and hemostasis 
was achieved. After that, the condition got stabilized and 
she was weaned from PCPS on POD 12. However, spon- 
taneous pneumothorax caused deterioration of the respi- 
ratory condition with pulmonary hypertension, and PCPS 
was required on POD 14. In addition, massive pulmonary 
bleeding occurred again on POD 19, and emergency coil 
embolization of collateral arteries via the right subcla- 
vian artery was performed. Her condition gradually 
worsened due to pneumonia and acute respiratory dis- 
tress syndrome (ARDS). Finally, she died from respira- 
tory failure and multiple organ failure on POD 45. The 
autopsy showed severe pneumonia and bleeding, which 
made it difficult to identify distal pulmonary lesions. 


CASE 2 


A 65-year-old male with an Il-year history of CTEPH 
was referred to our hospital for PEA. Eleven years ago, 
he also suffered from acute pulmonary embolism and 
was treated medically. HOT was started at that time. 
Since then, dyspnea on effort has gradually progressed. 
On admission, his NYHA class was IV. He was also on 
dubutamine, 2 ug/kg/min. Deep venous thrombosis 
(DVT) was detected by ultrasound examination. The car- 
diac catheter study showed that preoperative mPAP was 
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Two Difficult Cases with Predominant Proximal Pulmonary Artery Lesions of Chronic Thromboembolic Pulmonary Hypertension 





Fig. 2 Preoperative pulmonary artery angiography in case 2. Large thrombi in the right main pulmonary artery and 


diffuse thrombi in the left pulmonary artery. 
A: Right pulmonary artery, B: Left pulmonary artery 





Fig. 3 Thickened endothelium with old thrombi extracted from pulmonary arteries in case 1 (A), case 2 (B). 


76 mmHg, and PVR was 2,593 dynes-sec '«cm™. The car- 
diac output and cardiac index were 2.2 L/min and 1.4 L/ 
min/m>. The PAG showed a large thrombi in the right 
main pulmonary artery and diffuse thrombi in the left 
pulmonary artery (Fig. 2). Transthoracic echocardiogra- 
phy revealed mild to moderate tricuspid regurgitation. 
Coronary angiography revealed 75% stenosis of the left 
anterior descending artery (LAD). The BNP level was 
1840 ng/ml. 

PEA using intermittent DHCA at 18°C with concomi- 
tant coronary artery bypass grafting to LAD using 
saphenous vein graft was carried out. A large amount of 
thickened intima with old thrombi was extracted from 
the both sides of pulmonary arteries, predominantly 
from the proximal pulmonary arteries (Fig. 3B). The 
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total circulatory arrest time was 31 minutes. Weaning 
from CPB was successful, and he was transferred to the 
intensive care unit without an assisted device. The post- 
Operative systemic blood pressure was 120/80 mmHg, 
mPAP was 45 mmHg, PVR was 1347 dynes-sec'scm™, 
and cardiac output was 1.9 L/min. 

On POD 2, he was extubated. However, severe reper- 
fusion lung damage occurred on POD 3, and re-intuba- 
tion was required. On POD 6, PCPS via a femoro-femo- 
ral veno-arterial circuit was needed due to deterioration 
of the hemodynamic state with pulmonary hypertension 
and severe hypoxia. Chest XP showed findings of ARDS. 
Steroid pulse therapy was carried out, and his general 
condition was temporarily improved. He was weaned 
from PCPS once on POD 9; however, pulmonary bleeding 


159 


Murashita T, et al. 


and pneumonia occurred. ARDS had gradually wors- 
ened. Finally, he died from ARDS, pulmonary bleeding, 
and pneumonia on POD 29. The autopsy showed both 
sides of pulmonary bleeding and severe pyrothorax. 


DISCUSSION 


We have reported a relatively low mortality and favor- 
able prognosis with long-term survival after PEA.” The 
outcome is better in patients with proximal pulmonary 
artery lesions, although that of patients with distal dis- 
ease is, in contrast, poorer. ® In addition, a previous 
study showed that patients with a PVR greater than 1.100 
dynes-sec’-cm™ and an mPAP greater than 50 mmHg 
had a poor outcome.” Jamieson et al also reported that 17 
of 22 hospital deaths (77%) were related to residual pul- 
monary hypertension, and the mortality rate was 31% 
when the postoperative PVR was >500 dynessec em”, 
and 0.9% when it was <500 dynes-sec™'-cm™.”’ In our 
cases, both had high mPAP and PVR preoperatively, and 
it did not improve significantly, even after PEA. The 
postoperative mPAP was 60 mmHg in case | and 45 
mmHg in case 2, and the postoperative PVR was 1538 
dynessec™em™ in case 1 and 1347 dynes-sec™'.cm™ in 
case 2. Management of residual pulmonary hypertension 
is still difficult and depends on the severity of pulmomary 
hypertension, because PVR is commonly fixed and usu- 
ally does not respond to vasodilators.” Sato et al reported 
two cases of CTEPH in which they successfully pre- 
vented postoperative pulmonary hypertension and 
hypoxia caused by severe reperfusion pulmonary edema 
by the use of a percutaneous cardiopulmonary support 
(PCPS).”” In our series, 15 patients (11.5%) of 130 patients 
between 1995 and 2009 including the two presented cases 
required PCPS for residual pulmonary hypertension 
with/without pulmonary bleeding. Recently, 8 patents 
(53.3%) were weaned from it, and 5 (33.3%) of them sur- 
vived successfully, although the two patients who pre- 
sented eventually died. 

In our cases, both of the patients had a long history of 
CTEPH more than 10 years and were critically ill with 
NYHA class IV. Preoperative PVR and mPAP were sig- 
nificantly high. PEA seemed to have a likelihood of suc- 
cess with removal of a large amount of thickened intima: 
however pulmonary hypertension remains postopera- 
tively. It was speculated that the cause was coexisting 
distal lesions that had developed in the long-term severe 
pulmonary hypertension due to a remodeling mecha- 
nism. In addition, pulmonary bleeding, unfortunately, 
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occurred from the lesions of the pulmonary infarction 
having large collateral arteries in such severe cases hav- 
ing a long history of CTEPH. 

In conclusion, some caution is still required in PEA 
for cases even with proximal type CTEPH having a long 
history and severe pulmonary hypertension with NYHA 
class IV. 
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Transient Thrombocytosis after Endovenous Laser Treat- 
ment for Primary Varicose Vein of the Lower Extremity 


Hiromitsu Sugawara, MD, Masataka Ichiki, MD, Keijyo Sai, MD, Keisuke Kamata, MD, and Makoto Ansai, MD 


We presented a case of a completely occluded great saphenous vein and transient thrombocytosis following 
endovenous laser treatment (EVLT) for primary varicose veins of the lower extremity. A 54-year-old man 
with a left saphenous varicose vein underwent EVLT surgery. Twelve-watt laser irradiation was delivered 
over the length of 33 cm of the saphenous vein. The cumulative exposure was 1042 J. Nime days after treat- 
ment, the platelet count increased up to 610 x 10° /mm*’ and returned to normal after 2 months. A complete 
occlusion of the great saphenous vein commonly occurs after EVLT, but no case of transient thrombocyto- 


sis has been reported. 


Key words: endovenous laser treatment, thrombocytosis, varicose vein 


INTRODUCTION 


A of therapeutic approaches have been per- 
omed for primary varicose veins of the lower ex- 
tremities. Endovenous laser treatment (EVLT) is a new, 
minimally invasive technique for varicose veins in recent 
years.” The good short-term efficacy of EVLT has been 
reported.” Complications after EVLT include ecchymo- 
sis, paresthesias, superficial thrombophlebitis, skin burns, 
pigmentation, pain, deep vein thrombosis and pulmonary 
embolism.” ® 

A transient thrombocytosis has been found following 
EVLT of the great saphenous vein (GSV). This is a case 
report of a rare complication with a review of the literature. 


CASE REPORT 


A 54-year-old man with edema and pain of the left 
lower extremity was referred to our department. He had 
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not presented with any remarkable medical history or 
family history. His physical examination showed a body 
height of 174 cm, with a body weight of 62 kg; palpebral 
conjunctivae were neither anemic nor icteric. Left great 
saphenous varicose veins (clinical, etiologic, anatomic, 
and pathophysiologic [CEAP] classification: C3) were 
found. Blood test findings showed no remarkable abnor- 
malities. The white blood cell count (WBC) and C-reac- 
tive protein (CRP) were normal at 5800 /mm’ and 0.07 
mg/dL, respectively, prior to the EVLT procedure (Fig. 1). 
Thrombin-antithrombin UI complex (TAT) and D-dimer 
were within normal limits. 

Ultrasonography on his lower extremity revealed the 
diameter of the left GSV was 14 mm, and reflux was 
observed in the left saphenofemoral junction (SFJ). Air 
plethysmography showed a pretreatment venous filling 
index (VFD of 6.3 mL/sec. 

Endovenous laser treatment was conducted using a 
980-nm semiconductor laser ELVeS® (biolitec AG, Ger- 
many) under local anesthesia (tumescent local anesthesia 
[TLA] with 0.2% lidocaine). The knee was punctured 
with an indwelling needle. A 5 French long sheath was 
inserted into the GSV over a guidewire, and the tip was 
advanced near the SFJ. After insertion of a laser probe 
into the sheath, a 12-Watt (W) laser beam was continu- 
ously delivered over the length of 33 cm of the saphenous 
vein for 82.5 seconds from 19 mm distal to the SFI. 
Cumulative exposure was 1042 Joule (J), and total time 
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Fig. 1 Changes in platelet counts, white blood cell counts, and C-reactive 


protein levels after treatment. 


WBC, white blood cell count; PLT, platelet count; CRP, C-reactive 


protein; Pre, preoperative 





Fig. 2. Ultrasonographic image immediately after endovenous laser treat- 


ment, showing incomolete occlusion of the great saphenous vein 


up to the level of the SFI. 


SFJ, sapheno-femora! junction; CFV, common femoral vein; GSV, 


great saphenous vein 


of operation was 32 minutes. Color Doppler ultrasenog- 
raphy immediately after the irradiation revealed a petent 
superficial epigastric vein with blood flow blocked at a 
site 9.7 mm distal to the SFJ (Fig. 2). These procedures 
were conducted in a I-day surgical setting. 

during his visit on the second postoperative day, he 
presented with ecchymosis of the left femoral rezion 
without inflammatory findings, such as superticial 
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thrombophlebitis. 

Color Doppler ultrasonography revealed occlusion of 
the superficial epigastric vein and complete thrombotic 
occlusion of the great saphenous vein beginning at the 
SFJ. There was no protrusion of thrombus inside the 
femoral vein. The platelet count was 292000 /mm”. 

The WBC was almost unchanged at 5900 /mm’, 
while the CRP slightly increased to 0.24 mg/dL, albeit 
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Fig. 3 Ultrasonographic image 9 days after endovenous laser treatment, 


showing complete occlusion of the great saphenous vein up to the 


level of the SFJ. The thrombus did not extend to the femoral vein. 


SFJ, sapheno-femoral junction; CFV, common femoral vein; GSV, 


great saphenous vein 


within the normal range, as cormpared with baseline val- 
ues (Fig. 1). 

On the 9 th postoperative day, marked thrombocytosis 
was observed with a platelet count of 610000 /mm’°. The 
WBC was 6700 /mm’, and CRP was 0.08 mg/dL, both of 
which were within the normal ranges (Fig. 1). No 
remarkable inflammatory findings, such as superficial 
thrombophlebitis were observed. 

Ultrasonography revealed the same findings as those 
observed previously: occlusion of the superficial epigas- 
tric vein, complete thrombotic occlusion of the great 
saphenous vein beginning at the SFJ, and no protrusion 
of thrombus inside the femoral vein (Fig. 3). 

Test results for TAT and D-dimer were normal, and no 
respiratory symptoms were observed. By 2 months, the 
platelet count had returned to normal (Fig. 1). 

Three months after surgery, air plethysmography 
revealed a normal VFI. No recurrence has been noted for 
| year after surgery. 


DISCUSSION 


Thrombocytosis is a physiological or pathological 
increase in the platelet count from 400000 /mm*® or 
higher.” Thrombocytosis is classified into 3 types: myelo- 
proliferative disorder, reactive thrombocytosis, and 
familial thrombocytosis. A search for causes revealed 
that reactive thrombocytosis constituted the largest pro- 
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portion of cases at 82%, whereas myeloproliferative dis- 
order accounted for only 14% of the cases.” In our 
patient, myeloproliferative disorder and familial throm- 
bocytosis were ruled out by family history and clinical 
course. Reactive thrombocytosis was considered most 
likely. Since platelet recovery required approximately 2 
months, this reactive thrombocytosis did not appear to 
have been a result of outflow from the platelet storage 
pool after exercise or administration of epinephrine. It 
was probably caused by increased platelet production. 

Reactive thrombocytosis can be associated with a 
wide variety of underlying diseases, and there have been 
reports of local interleukin (IL)-6 production due to pho- 
tocoagulation for retinopathy” and increased serum IL-6 
in approximately 80% of the patients with reactive 
thrombocytosis.”’ Serum IL-6 was not measured in our 
patient, though it appeared that the thrombocytosis had 
been triggered by increased inflammatory cytokine IL-6, 
which is secreted in response to tissue disorder caused by 
heat injury from laser irradiation. 

A CRP elevation, albeit slight in degree, was observed 
on the second postoperative day (Fig. 1). CRP is a protein 
induced by IL-6 in the liver. IL-6 might have been pro- 
duced as inflammatory reactions to laser irradiation, 
resulting in thrombocytosis. However, since the increased 
CRP value was within the normal range, other reasons 
cannot be entirely ruled out. 

There was only | report” on thrombocytosis associated 


Sugawara H, et al. 


with leukocytosis and hyperkalemia after intralesional 
laser photocoagulation (ILP) for vascular malformation, 
but no reports on thrombocytosis after EVLT for pri- 
mary lower-extremity varicose vein. In the reported case 
of post-ILP thrombocytosis, a 1064-nm Nd:YAG laser 
was used with a laser power of 15 W and radiation 
energy of 51150 J. This treatment was presumed to have 
caused much more severe tissue disorder from heat injury 
than that in our patient, and release of potassium, an 
intracellular electrolyte, due to the extensive tissue 
destruction probably resulted in concomitant hyper- 
kalemia and leukocytosis. In this case, the platelet count 
became normalized 6 days after surgery, whereas the 
thrombocytosis in our patient persisted for 2 months ater 
surgery. The prolongation of thrombocytosis for as long 
as 2 months after the procedure might be due to distribu- 
tion of the products of tissue damage over the entire body 
through the general circulation, which were producec by 
laser irradiation in the vein close to the general circula- 
tion. 

Generally, in patients with reactive thrombocytcsis, 
the platelet count does not exceed 1000000 /mm*, and 
secondary thrombosis is unlikely to occur.” In cur 
patient as well, the maximum count was 610000 /mun’, 
and no other thrombosis was observed. He recovered 
during follow-up without use of drugs such as Bayaspirin 
(aspirin) with a good prognosis. 


CONCLUSION 


We experienced a case of transient thrombocytosis 
after endovenous laser treatment for primary varicose 
veins of the lower extremity. This is the first case report 
of such an event in the literature. The patient recovered 
after the follow-up period of 2 months with a favorable 
prognosis. 
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A Combined Open and Endovascular Approach to Treat a 
Persistent Sciatic Artery Aneurysm in an Obese Patient 


Mahim Malik, MD, Peter Fischer, MD, and Alim Khandekar, MD 


Persistent sciatic artery is a relatively uncommon peripheral vascular malformation of the lower extremity 
arterial blood supply that is often misdiagnosed. We present a case report of a 52-year-old, obese female 
who presented to our center with symptoms of lower extremity. ischemia. We describe a novel approach 
combining open and endovascular techniques for the treatment of a persistent sciatic artery aneurysm, 
providing maximal benefit, while minimizing potential complications due to her co-morhbidities. 


Key words: persistent sciatic artery, endovascular intervention 


INTRODUCTION 


e sciatic artery is a remnant of the lower limb cir- 
culation in the early embrycnic period and is a direct 
branch of the umbilical artery.” Generally, this artery in- 
volutes as the femoral circulation from the internal iliac 
artery develops. However, rarely this sciatic artery per- 
sists and is the main supply of blood to the lower leg. 
This persistent sciatic artery (PSA) has an overall inci- 
dence of 0,025%-0.04%.” ? Complications arising from 
this aberrant circulation include aneurysm formation, 
thrombosis, as well as Rupture.” Multiple treatment mo- 
dalities have been utilized for management of these com- 
plications, ranging from ligation to endovascular inter- 
ventions. We report a case of a 52 year-old lady who pre- 
sented with a pulsatile buttock mass and lower limb isch- 
emia who was found to have a PSA. We utilized a com- 
bined open and endovascular approach secondary to her 
obesity to offer her the best treatment with lowest mor- 
bidity. 
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CASE 


A 52-year-old female presented to the hospital com- 
plaining of a two-day history of left foot pain. The 
patient stated the pain was primarily localized to her 
toes. Her foot was warm; however, she did not have pal- 
pable DP or PT pulses. She was admitted, placed on a 
heparin drip, and a computed tomogram was obtained 
(Fig. 1). The imaging revealed a PSA aneurysm provid- 
ing the only inflow to the above- knee popliteal artery. 
The common femoral artery was patent below the ingui- 
nal ligament and fairly large. 

After review of the patient’s films and exam, a bypass 
procedure was chosen to treat the PSA aneurysm. How- 
ever, the more common approach to bypass from the iliac 
to the above-knee popliteal with proximal and distal liga- 
tion of the PSA was not selected. To perform this proce- 
dure would have required an abdominal incision under- 
neath the patient’s large pannus which almost ensured a 
wound infection and possible subsequent graft infection. 
Therefore, the patient was taken to the operating room 
where a femoral to above-knee popliteal bypass was per- 
formed using reverse saphenous vein graft. The distal 
end of the PSA was also ligated after the completion of 
the distal anastomosis, and the arteriogram showed good 
inflow to the lower leg (Fig. 2). On the first post-opera- 
tive day, the patient was taken to the endovascular suite 
where arterial occlusive devices where placed to exclude 
the aneurysm proximally (Fig. 3). The patient recovered 
well and was discharged home after four days. 
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Fig. 1 Computed tomography of the left leg showing the persistent sciatic artery aneurysm and the 


femoral arteries. 





bypass. 


DISCUSSION 


Persistent sciatic arteries most commonly present with 
aneurysmal formation , reported in up to 42% of 
Patients.’ ° This may be complicated by thrombosis or 
rupture, which is contributed to congenital hypoplasia of 
the artery. Anatomically, the artery arises from the 
umbilical artery and runs along the dorsal aspect of the 
lower limb, giving rise to the poplitieal, peroneal and tib- 
ial arterial systems. The femoral system arises from the 
external iliac artery, and by the third month of gestation, 
it coalesces with the sciatic artery, to become the domi- 
nant arterial supply of the lower extremity. At this time, 
the sciatic artery regresses, leaving behind only the 
external gluteal artery and the artery of the of the sciatic 
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Fig.2 Completion arteriogram of femoral to above-knee popliteal 


24-MAR-2014 
14:29:1 


10 MM VASCULAR PLUG 


EMM VASCULAR PLUG 


Fig. 3 Pre and post endovascular exclusion of PSA aneu- 


rysm. (black arrow pointing at aneurysm) 
PSA, persistent sciatic artery 


nerve.”’ Anatomic variations in the persistent sciatic 
artery depend on this process of involution. 

Clinically, the patient usually presents with a pulsatile 
buttock mass, with or without acute ischemic pain. This 
may result in a misdiagnosis of atherosclerotic occlusive 
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disease of the lower limb, leading to unnecessary pro- 
cedures that do not resolve the patient’s symptoms. Digi- 
tal subtraction arteriography (DSA) continues to be the 
gold standard for imaging, but CTA and MRA have also 
been used for this Purpose.” DSA often fails to show the 
relation of the anomaly with the surrounding structures, 
leading to a misdiagnosis.” Promising results were shown 
in 2005, when Jung et al. proposed using a multidetector 
row spiral computed tomography (CT) scanner, scanning 
from the iliac bifurcation to the feet.” This can be used 
as a single modality, since with 3D reconstruction, it is 
possible to define the anatomic relations as well distal 
out-flow vessels. 

Definite management of a persistent sciatic artery is 
warranted in symptomatic patients. Due to the multiple 
anatomic variations, treatment options need to be tailored 
according to the type of PSA, the femoral circulation, 
presence or absence of aneurysmal disease and/or con- 
comitant vascular occlusive disease. PSA aneurysms have 
been managed by both open and endovascular tech- 
niques.*"” Ligation of aneurysm via transgluteal 
approach has been described; however, this may lead to 
critical lower limb ischemia in the case where the PSA is 
the sole blood supply.” Therefore, some sort of a revascu- 
larization procedure must be employed, as well. This 
may be difficult if the femoral vessels are hypoplastic. 
The obturator bypass approach employed by Urayama et 
al. is a viable option but presents technical difficulties 
especially in an obese patientil. Endovascular approaches 
have been used, including deployment of stents and coil 
embolizations."” However, the long-term results of these 
are largely unknown, and the anatomic position of the 
aneurysm exposes the risk of trauma, fracture and embo- 
lization of the devices when the patient sits. Persistent 
sciatic arteries present a risk of recurrence due to the 
presence of feeder vessels inside, thereby making simple 
exclusion more likely to result in failure.” ” 


CONCLUSION 


We described a combined open and endovascular 
approach to treat a PSA aneurysm. The open femoral to 
popliteal bypass provides the best revascularization to the 
leg with the opportunity to distally ligate the PSA. The 
success of this procedure depends on the size of the fem- 
oral arteries and might not be possible if they are 
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severely hypoplastic. The endovascular approach to prox- 
imally ligate the PSA avoids the abdominal incision that 
in this patient would be placed underneath her large pan- 
nus. This combination procedure should provide similar 
results as an iliac bypass without wound morbidity in this 
obese patient. 
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CAN WE WORK TOGETHER TO DEVEL- 
OP RESOURCES TO SUPPORT OUR 
VASCULAR TRAINING PROGRAMS? 


Robert A Fitridge 


Australian & New Zealand Society for Vascular Surgery 

The University Of Adelaide, Discipline of Surgery and Vascular 
Surgery Unit, The Queen Elizabeth Hospital. Woodville SA, 
Australia 





As vascular surgery has become an independent specialty, for- 
mal curriculum development has become mandatory. This has 
also required definition of competencies expected of vascular spe- 
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cialists. 
Appropriate resource material is required to support the curri- 
cula. The sharing of appropriate resource material should be ad- 
vantageous to each country’s training program. 

This presentation will give an overview of current vascular 
curriculum resources and possible options for further collabora- 
tion. 


Balancing Training between Open and 
Endvascular Approaches 


John Wolfe 
St Mary’s Hospital, United Kingdom 


Current problems for vascular surgery 
training In Japan : 


Tadahiro Sasajima 
Department of Surgery, Asahikawa Medical University, 
Asahikawa, Japan 


Abstract 

After graduation of 6 year medical school, and the national 
board exam every doctor must receive 2 year-general practice 
training in duty. After the 2 years, they are majoring vascular sur- 
gery. The Japanese Board of Cardiovascular Surgery was devel- 
oped in cooperation with the Japanese Association of Thoracic 
Surgery, Japanese Society for Cardiovascular Surgery, and Society 
for Vascular Surgery on March, 2004, and the board certified 
subspecialty system for cardiovascular surgery has started from 
April, 2004. In the system, vascular surgery specialists are offi- 
cially not separated from cardiac surgery specialists, and fellows 
require cardiovascular surgery training for the subspecialty board 
exam including cardiac surgery. In qualification for the Board 
Exam, vascular surgery fellows must experience different types of 
operations in the following Board designated cardiovascular oper- 
ations: operations are scored by the difficulty levels; category A, 3 
points; B, 4 points, and C, 5 points, and the minimum requirement 
of total points are 500, which must include points of 50 cases as 
an operator and 50 cases as a first assistant. In 2009, 100 of 139 
qualified surgeons passed the exam, and there arel667 Board Cer- 
tified Cardiovascular Surgeons at the present time. Meanwhile, 
numbers of patients underwent vascular surgery (except venous 
surgery) in 360 certified hospitals were 31,890 in 2008 in Japan, 
and annual numbers of arterial operations were only 30 cases in 
33% of 360 hospitals. 

In conclusion, problems should be solved in vascular surgery 
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training in Japan 

L.Separation of vascular surgery specialist from the Board Cer- 
tified Cardiovascular Surgeon is necessary for improving the 
quality of vascular surgery training. 

2. There is obvious mismatch of patient volume and vascular 
surgery specialists for effective training, and so it will be neces- 
sary to reduce numbers of cardiovascular surgeons as well as cer- 
tified institutes. 


Vascular Surgery in the United States: 
Development of New Training Paradigms 


and Curricula 
Joseph L. Mills, Sr:, M.D. 


Vascular and Endovascular Surgery, 
University of Arizona Health Sciences Center, United States of 
America 


Tralning curriculum to be vascular sur- 
geon Including endovascular procedure 


Shoei-Shen Wang 


Department of Cardiovascular Surgery, National Taiwan 
University, Taipei, Taiwan. 


In Taiwan, vascular surgery is traditionally a component of 
cardiovascular surgery, not general surgery. The objective of 
training is that every vascular surgeon has sufficient knowledge 
and skill to manage vascular lesions. There are four major compo- 
nents in vascular training: 1.Diagnostic vascular lab: ultrasound 
imaging, non-invasive vascular examination (ABI, PVR, MVO 
etc) and angiographic examination in hybrid operation room. 2. 
Vascular clinic: pharmacologic therapy, risk factors modification 
(DM, hypertension, hyperlipemia, arrhythmia such as atrial fibril- 
lation). 3. Vascular surgery: bypass grafting, creation of arterio- 
venous fistula, phlebectomy for varicose vein 4. Endovascular 
therapy: aortic stent grafting(7EVAR, TEVAR), transluminal an- 
gioplasty for PAD or AVF, IVC filter placement, endovascular ve- 
nous therapy 

To finish the endovascular training, we must perform more 
than 150 cases in peripheral vascular surgery, 10 cases in aortic or 
vena caval surgery, 5 cases in endovascular aneurysm repair, 200 
cases in vascular lab and duplex studies, 100 cases in catheteriza- 
tion laboratory, and we must finish the training course in aortic 
stenting. It is essential to publish more than one articles in SCI 
journals. We have published several textbooks including “Vascular 
Surgery”, “Cardiovascular Surgery”, “Vascular Operations”, and 
“Vascular Guidelines” 


169 


In Taiwan, we performed the first clinical trial on endovascu- 
lar stent for abdominal aortic aneurysm repair (EVAR) at the Na- 
tional Taiwan University Hospital (NTUH) in 2002. Because of 
our good clinical result, the Department of Health (DOH) of Tai- 
wan released the clinical trial of EVAR in 2005, and it is allewed 
to perform endovascular stent-grafting for thoracic aortic repair 
with no necessity to perform clinical trial on Oct. 25, 2006. In 
Taiwan we did the first endovascular stent-grafting for thoracic 
aortic repair at NTUH on Nov. 13, 2006 

On September 11, 2005, we founded Taiwan Society for Vascu- 
lar Surgery(TSVS) to promote the knowledge of vascular surgery 
and the wisdom to mange and prevent the vascular diseases. In 
September 2007, we held the Asian chapter of International Union 
of Angiology (IUA) to provide the chance for the outstanding vas- 
cular surgeons and allied specialists to meet together to exchange 
their knowledge and wisdom. We are going to hold the 12* Asian 
Society for Vascular Surgery (ASVS) in Taipei, Taiwan in Sep- 
tember, 2011. 


PELVIC CONGESTION SYNDROME MAN- 
AGMENT IN ORIENT 


Lode? gD 9 

Al Tarazi‘’** , Kabani I’, Hassan AM? 

‘Damascus University Hospital, Syria “Arabe Endovascular 
Group 


Aum. Pelvic Congestion Syndrome ( PCS ) is un overlooked 
and under diagnosed common gynecologic and vascular patholo- 
gy and a major cause of women s invalidism and both sex postsur- 
gical varices recurrence. Few epidemiological studies have been 
carried out due to false perception that it is not really a major 
problem. Some studies in USA & Europe showed that one-third of 
all women will experience some chronic pelvic pain during their 
lifetimes; PCS presents 25 0 % of all consultation in gynecelogy. 
Pathologies , anatomy , clinical aspects , imagery ( echo Doppler , 
MRI , contrast CT and Laparoscopy ) our treatment methods 
(medical , surgical and endovascular including our own sclero- 
therapy method ) are summarized . The aim of this cross sectional 
and multicentric study was to evaluate the prevalence of PCS in 
genital activity aged Syrian women; how to approach this preblem 
considering the oriental mentality and the sensibility to inquire 
about such somehow sex related subject . 

Methods. The study was carried out through 22 Primary 
Health Care 

( PHC ) centers , in three main Syrian departments : Damas- 
cus, Latakia (the cost), Dairelzor ( eastern desert ). Every oth- 
er Syrian women visiting the selected PHC centers during one 
month, for any reason, aged 18 48 years was eligible for the study. 
All doctors (mostly females) participated in the study in the 3 de- 
partments were trained by the same trainer; filling the question- 
naire, performing full clinical examination. 
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Results. Only 2023 (out of 3544 recruited) participants were 
included 

(The others excluded for inadequate cooperation or missing 
data). Global Results; 47 % of participants complain of some clini- 
cal aspects of PCS; only 22 % of suffering women have ever con- 
sulted; very rarely PCS diagnosis was established. 

Conclusion. Higher prevalence of PCS in Syrian female popu- 
lation than in Western countries maybe due to High number of 
pregnancies in Syria and to the style of life. Difficulties to ap- 
proach PVC with young Syrian women due to traditional taboos. 
Gynecologists often wrongly attribute PVC symptoms to some 
psychical or local neural ambiguous reasons. 


Vascular Surgery Training Curriculum 
and Proposals from india 


Prof Kumud Rai 


Max Heart& Vascular Institute, India 


There is a strong felt need amongst vascular surgical societies 
of the world to have a unified training curriculum for surgeons 
training to be vascular surgeons. In the rapidly shrinking world 
people relocate from one continent to another and is obviously 
important to have some sort of uniformity of training standards 
across the world. 

Vascular surgery training in India is for three years (after basic 
surgical training). At present 8 universities / hospitals conduct the 
training for the degree of either MCh (Master of Chirurgie), or 
DNB (Diplomate of National Board). There is a prescribed sylla- 
bus/curriculum covering all aspects of vascular disease. Most of 
the training is hands-on, and the student is expected to submit a 
short thesis on a vascular topic before he can take the exit exam. 
Students are rotated through departments of Radiology (for train- 
ing in Ultrasound), and either interventional cardiology or inter- 
ventional radiology for training in endovascular procedures (in 
those training institutions where they are not being performed by 
vascular surgeons). The formal exit exam consists of a written test 
as well as a practical examination. Operative skills are not as- 
sessed. 

There is a need to revamp this curriculum and align it in line 
with the proposed uniform international curriculum (IC). Fitridge 
et al have worked on the IC and published their ideas in a recent 
issue of the Eur J Vasc Endovase Surg. Concrete proposals regard- 
ing the curriculum and its duration, number and nature of open & 
endovascular procedures, resource materials, use of simulators for 
learning endovascular skills, nature and conduct of the exit exam- 
ination etc., should be discussed at the WFVS meeting 2020 at 
Kyoto so that the participating societies can agree on this Impor- 
tant matter, and implement it in their countries / regions in a 
phased manner. 
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Endovascular training In a resource 
constrained health care system 


Martin Veller on behalf of the Vascular Society of Southern 
Africa University of the Witwatersrand, Johannesburg, South 
Africa 


All health care training in South Africa occurs in the public 
health care sector which is funded exclusively from government 
coffers and equates to less than 400 US$ spent on health care per 
person. On the other hand, the other 15 million inhabitants of 
South Africa are treated in a fee for service private sector, mostly 
funded by mutual insurance schemes, where the amount spent is 
substantially greater (2.5 times more). 

As a consequence, the focus in the public health care sector is 
largely to address basic health care needs and although limited 
access to specialist and sub-specialist medical services is available 
these are usually severely under funded. The well funded private 
health care sector however demands, and can generally afford 
high of level specialist and subspecialist services. 

Training in most aspects of endovascular treatment is therefore 
required to ensure that the wide variety of service demands of the 
countries population is met. Since the high costs of many of the 
endovascular technologies are not affordable in the public sector, 
innovative solutions to this dilemma have to be found. 

Currently, South African trainee vascular surgeons are receiv- 
ing inadequate exposure to endovascular therapies. To address this 
deficiency in vascular surgical traming, the Vascular Society of 
Southern Africa is: 

-Defining the exposure needed by trainees to acquire appropri- 
ate endovascular skills by evaluating the experience in other 
countries and modifying this to the South African disease profile. 
A curriculum will be developed based on these findirgs. 

-Cost saving endovascular technologies will be used whenever 
possible in the current training programmes. For example, balloon 
angioplasty of iliac arteries with selective use of stents and subin- 
timal approaches can be used without limitation. As a conse- 
quence all vascular surgical trainees are competent in this aspect 
of therapy at the completion of their training. 

-Accrediting endovascular units in the private sector in which 
the full spectrum of endovascular procedures are performed for 
training purposes. 

In conclusion, despite significant resource limitations, it is pos- 
sible to train vascular surgeons to acquire appropriate endovascu- 
lar skill ensuring that they are able to meet the health care de- 
mands of the society in which they work. 
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Relationship of serum ferritin, cholester- 
ol, and intimal hyperplasia after mechani- 
cal injury to carotid artery in a rat model 


SD KIM, SC PARK, JI KIM, SS YUN, IS MOON 
Division of Vascular & Endovascular Surgery, Department of 
Surgery, Coliege of Medicine, The Catholic University of Korea, 
Seoul, Korea 


Purpose: Iron has an important role in the process of oxidizing 
the Low Density Lipoprotein in the arterial wall during the devel- 
opment of atherosclerosis, but the role of iron during the develop- 
ment of intimal hyperplasia has been not confirmed. Therefore, 
we evaluated the relationship of serum ferritin, serum cholesterol 
and intimal hyperplasia. 

Methods: Forty rats were divided in four groups according to 
diets. At the sixth week, we induced clamping injury at the left 
common carotid artery of each rat. At the end of the eighth week, 
we obtained the tissue of the left common carotid artery from 
each rat, and we performed staining. After that, we evaluated the 
differences of the thickness of the arterial walls according to the 
groups 

Results: Arterial thickness was significantly increased from 
group I (normocholesterol and normoferritin group) to group IV 
(hypercholesterol and hyperferritin group) respectively (P<0.001). 
For the intimal thickness, intimal thickness of group II (hyperc- 
holesterol and normoferritin group) was thicker than that of group 
I (P<OQ.00D, and intimal thickness of group IV was thicker than 
that of group H (P<0.001), and there was no significant difference 
between group II and group I (hypercholesterol and hypoferritin 
group) (P=0.124) for the intimal thickness. 

Conclusion: We suggest the possibility that serum ferritin and 
hypercholesterolemia are proportionally related with intimal hy- 
perplasia. But we think that large-volume experiments in animal 
models and prospective studies in human are needed to confirm 
and expand on our results. 
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Parental Occurrence of Intermittent 
Claudication is an Independent Risk 
Factor for Intermittent Claudication in 
Adult Offspring: The Framingham Heart 
Study 


Alik Farber MD, 


Section of Vascular and Endovascular Surgery, Boston Medical 
Center, Boston, Massachusetts, United States of America 





Introduction: Peripheral arterial disease (PAD) affects “8. mil- 
lion people in the United States. Studies suggest that there $ an 
inherited component of PAD; however, no study has quant fied 
the extent to which these influences are independent of risk “ac- 
tors. Our objective was to prospectively examine whether ister- 
mittent claudication (IC) in parents increased risk for IC in adult 
offspring independent of established cardiovascular risk facters. 

Methods: The study sample consisted of offspring participants 
aged >30 years with both parents enrolled in the original cahort 
of the Framingham Heart Study and free of cardiovascular dis- 
ease (CVD) at three baseline examinations (n= 2970 unique ar- 
ticipants, 53% women). In both parents and offspring, IC was ad- 
judicated by a panel of three investigators and defined as exer- 
tional cramping discomfort in the calf appearing sooner with vap- 
id or uphill walking and relieved with rest. Data from the ‘hree 
exams, each with 12 years of follow-up were pooled. Cox prosor- 
tional hazards regression was used to examine the 12 year risk for 
incident IC in offspring associated with parental IC adjusting for 
age, sex, diabetes, smoking, systolic blood pressure, anti-hyperten- 
sive treatment, total cholesterol, and HDL cholesterol. In second- 
ary analysis we additionally adjusted for interim CVD. 

Results: Among 909 person-exams in the parental IC hiscory 
group (mean age 49.9 years) and 5397 person-exams in the ro pa- 
rental IC history group (mean age 47.6 years) there were 10F imei- 
dent IC events during follow-up . Baseline risk factors were more 
prevalent in the parental IC group compared with the no parental 
IC group. Parental history of IC significantly increased the rsk of 
incident IC in offspring (multivariable adjusted hazard ratio of 
1.81, 95% CI 1.14, 2.88). There was no change with adjustment: for 
interim development of CVD (multivariable adjusted hazards ratio 
1.81, 95% CI 1.14, 2.86). 

Conclusion: IC in parents increases risk for IC in adui: off- 
spring independent of established risk factors. These data suggest 
that there is a genetic component of PAD and support future re- 
search into genetic causes. 





COMBINATION OF EDARAVONE AND 
TRANSVERTEBRAL COOLING PAD 
REDUCE SPINAL CORD ISCHEMIA-REP- 
ERFUSION INJURY 


Bagus Herlambang, Kazumasa Orihashi, 
Shinya Takahashi, Taketomo Mizukami, Taijiro Sueda 


Hiroshima University, Hiroshima, Japan 





Purpose: Spinal cord injury following thoracoabdominal aortic 
surgery remains a devastating event. Many reports show that free 
radicals play some role in inducing ischemia-reperfusion injury. 
Hypothermia has been recognized as a physical adjunctive thera- 
py against ischemic injury. We examined combined protective ef- 
fect of edaravone, a free radical scavenger, and transvertebral 
cooling pad against spinal cord ischemia-reperfusion injury in a 
rabbit model. 

Methods: Spinal cord ischemia was induced by applying vas- 
cular clamp on the aorta distal to renal artery and proximal to 
aortic bifurcation for 30 minutes. Eighteen rabbits were divided 
into three groups (six in each group): Group I with edaravone 
(4°C, Img/kg) infused into the clamped segment of the aorta; 
Group II with cooling pads placed on the vertebra following aortic 
clamping in order to keep the temperature of vertebral bone with- 
in 25-30 °C; Group HI with both of them. Postoperative assess- 
ments included Tarlov score at 8, 24, and 48 hours, histopathology 
of spinal cord, and measurement of malondialdehyde levels in the 
spinal cord. 

Results: At 48 hours postoperatively, Tarlov score in Group I, 
H, and HI was 1.7 + 10, L5 + L1, and 4.0 + 0.0 (mean + SD), re- 
spectively (p<0.01). Total number of motor neurons in anterior 
horn of the spinal cord was significantly higher (p<0.001) in 
Group IHI (55.6 + 2.8) than Group I (30.8 + 5.7) and Group IH (28.8 
+ 5.3). Malondialdehyde level in Group HI (23.0 + 5.9 nmol/ml) 
was significantly lower (p<0.001) than Group I (68.0 + 5.8 nmol/ 
ml) and Group H (64.1 + 8.8 nmol/ml). 

Conclusions: Edaravone infused into the clamped segment of 
aorta combined with transvertebral cooling pad was effective in 
reducing ischemia-reperfusion injury of spinal cord during aortic 
clamping. 
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NEW SOMATIC MUTATIONS IN EXON 17 
OF ANGIOPOIETIN RECEPTOR GENE 
TEK WERE IDENTIFIED IN VASCULAR 
ANOMALIES 


Caisheng Ye, Lingxiao Pan, Runyi Ye, Xiaoxi Li, 
Shenming Wang 


the first affiliated hospital of Sun Yat-sen University, Guangzhou, 
China 


Purpose: 


We assessed whether somatic mutations in exon 17 of the en- 
dothelial cell tyrosine kinase receptor Tie-2 (encoded by TEK) 
had a role in the vascular anomalies and investigated the possible 
biological consequence of the mutations. 

Methods: 

Direct sequencing of PCR-amplified DNA, extracted from 140 
lesions in 129 individuals and 33 samples in control, was used for 
detecting the mutations in exon 17 of the TEK gene, confirmed by 
allele-specific PCR. The expressions of p-Akt (Thr3C8) were mea- 
sured by immunohistochemical staining in 129 cases of vascular 
anomalies and 12 specimens of normal tissues. Likewise, the ex- 
pressions of Tie-2 and Angiopoetin-1 (Angl) were measured in 50 
cases of vascular anomalies and 12 specimens of normal tissues. 


Results: 

Seven somatic TEK mutations (L914F, R915C, Y897C, Y897H, 
S9171, R918H, R91I8C), of which R918H and R918C substitutions 
were firstly identified, were detected in lesions from 43 G3.3%) of 
129 individuals. Most of them (90.7%) were single substitution. 
Moreover, immunochistochemical staining showed the similar ex- 
pressions of Tie-2 between the mutation group and the wild type 
group of vascular anomalies. Angl expression in vascular anoma- 
lies was significantly higher (P=0.006) than that in normal tissues, 
and it was equal between the mutation group and the wild type 
group of vascular anomalies. Albeit p-Akt (Thr308) expression in 
the mutation group or the wild type group of vascular anomalies 
was significantly higher (P<0.05) than that in normal tissues, it 
was significantly lower (P=0.045) in the mutation group than that 
in the wild type group. 

Conclusions: 

Our study reveals that vascular anomalies may have somatic 
changes in exon 17 of the TEK gene. The activation of Akt possi- 
bly plays an important role in vascular anomalies in vivo, but the 
somatic mutations in exon 17 of the TEK gene weaken this effect 
and it may imply some additional mechanism. 
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Vascular Laboratory, Essential Service 
for Vascular Surgeons 


Trab, M 
Tawam Hospital, United Arab Emirates 


Hypothesis: 

The Noninvasive Vascular Laboratory is a modern, uniquely 
designed facility to serve both inpatients and outpatients and it is 
conveniently located in the main Hospital The vascular laboratory 
now offers a vascular screening exam for the detection of arterial 
and venous disease. A registered vascular technologist performs 
examinations in the vascular Lab. Examination findings are re- 
viewed and interpreted by vascular surgeons.This service will help 
physicians to detect arterial and venous diseases earlier and treat 
them in a specialized center of vascular surgery. 

Methods: 

The service of Vascular Lab was started in April 2008, two 
registered vascular technicians were performing the procedures 
and all the results were reported manually in the file of the pa- 
tient, the patient were referred from the vascular clinic and from 
other subspecialty in the hospital, On the 15th of September 2008 
we moved to the digital reporting system PACS which is implant- 
ed in our hospital we were part of it and all the tests were’ reported 
electronically through the net and reported and signed by vascular 
surgeons.We started 2 screening program for peripheral arterial 
disease for diabetic patient and surveillance program for hemodi- 
alysis access. 

Results: 

Between Ist of September 2008 and Ist of September 2009 we 
performed 4822 vascular examinations in our Vascular Lab.1779 
cases were venous studies, 1012 cases peripheral arterial studies 
and 1068 were cerebral arterial studies. We performed 100 vascu- 
lar screening to detect early arterial diseases and 597 cases follow 
up cases of vascular access for hemodialysis.We also conducted 50 
studies of bypass surveillance for the cases which were done in 
Tawa. 

Conclusions: 

Initiating a vascular lab is an important element in the success 
of vascular surgery service in a tertiary referral hospital. 

The Vascular Laboratory provides clinical diagnostic testing of 
vascular diseases. It has an important role in teaching, training and 
research. The tests which were done in the vascular lab are inte- 
gral to clinical decision-making in several key areas inchiding vas- 
cular surgery, nephrology, hematology, pediatrics and Neurology 
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PRE-OPERATIVE DIRECT PERCUTANE- 
OUS EMBOLIZATION OF CAROTID 
BODY TUMORS SOLELY WITH GLUE 


Shridhar Khajindar', P C Gupta” 


Dept of Interventional Radiology‘ and Dept of Vascular & 
Endovascular Surgery”, CARE Hospital, Hyderabad. INDIA 





Purpose 

Paragangliomas are highly vascularized usually benign neo- 
plasms arising from nerve tissue. Endovascular preoperative em- 
bolization is used to facilitate surgery but is often not complete, 
due to tiny feeding arteries not feasible for selective catheteriza- 
tion. To overcome this limitation, we report our initial experience 
and the efficacy of Direct Percutaneous Glue Embolisation of Ca- 
rotid Body Tumor (Paragangliomas) solely with n-butyl cyano- 
acrylate (NBCA) and to evaluate angiographic and clinical out- 
come. 

Methods 

All three patients presented with symptomatic painful left sid- 
ed neck swelling. CT and MRI scans (plain and contrast) revealed 
a large well defined lobulated soft tissue lesion at the bifurcation 
of left CCA with uniform contrast enhancement with or without 
causing mass effects in the form of compression of oro and na- 
sopharynx. MRAngio showed, classical splaying of carotid bifur- 
cation and its branches. Also they were recently diagnosed with 
Hypertension and on anti HTN medication. With this diagnosis of 
carotid body tumor, surgical excision was planned. All three pa- 
tients were referred to Interventional Radiology dept. for pre op- 
erative embolisation. Procedure was done under general anaesthe- 
sia. Embolisation was performed with Glue mixed with lipiodel in 
different concentrations. 

Result 

It was a relatively bloodless surgery in all three patients. Surgi- 
cal separation of tumor and its capsule from the carotid vessels & 
the adjacent soft tissues and the surgical excision of tumor were 
relatively easy. The overall blood loss during procedure was very 
minimal. 

Conclusion 

These cases are being presented to re-emphasize the role of pre 
operative embolisation of Carotid Body Tumor resulting in clean 
bloodless surgery and better patient outcome and improve patient 
safety. 
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Can intra-operative blood flow assess- 
ment predict AV Fistula maturation? 


Lt Col RPS Gambhir, Maj V Dhawan 


Armed Forces Medical College, Pune. 





Introduction 

Arteriovenous fistula (AVF) for haemodialysis access have 
variable maturation rates. Primary failure to mature has varied 
from 25-43% in recent literature, inspite of preoperative vascular 
mapping to select the most appropriate vessel for AVF creation. 
An AVF after maturity, on cannulation needs to deliver flow rates 
of 350-400ml/min for dialysis. The aim of this study was to assess 
blood flow in the AVF immediately after creation of the access, 
and correlate with future patency and maturation. 

Methods: 150 patients aged 10 to 84 years who underwent AVF 
construction over a 3 year period had their blood flows measured 
immediately after the creation of the AVF. The patients were fol- 
lowed for over 1-30 months to assess primary patency and matura- 
tion rates. 

Results: Radiocephalic (RC AVF) (n = 90), Brachiocephalic 
(BAVF) (n = 50), and 10 transposed basilic vein AVF (TBAVF) 
were performed. The calculated mean flow rate was 127 1000 
ml/min. 11% rate of nonmaturation of RCAVFs (n = 10) was sig- 
nificantly greater than the 6% rate for BCAVFs (n = 3) (P < 0-05). 
The mean flow across the AVF in successful RC AVF and BAVF 
was 591 ml/min and 1000 ml/min respectively compared to 127 
mil/min and 237 ml/min in the unsuccessful group (p 0.032). 

Conclusion: Doppler blood flow measurements across the AVF 
immediately post op is significantly different among the success- 
ful and unsuccessful group. Flow rates < 150 ml/min for RCAVF 
and <300 ml/min for BAVF should be an indication for immedi- 
ate reassessment and maybe revision. 





IMPACT OF POST-THROMBOTIC SYN- 
DROME ON QUALITY OF LIFE 


Dr Siddharth Rajput’, Dr R. Sekhar” 


'Dr Siddharth Rajput, M.B.B.S, D.N.B (General Surgery )-Post- 
graduate, Department of Vascular and Endovascular services. 
Jagjivanram Western Railway hospital, Mumbai, India. 

“Dr R. Sekhar, M.S, F.R.C.S, Department of Vascular and 
Endovascular services. Jagjivanram Western Railway hospital, 
Mumbai, India. 





Purpose: 

The post-thrombotic syndrome (PTS) is a chronic, poorly un- 
derstood and frequent complication of deep venous thrombosis 
(DVT), yet its impact on health-related quality of life has not been 
well characterized. We compared quality of life (QOL) in patients 
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with and without PTS, and assessed whether QOL correlated with 
severity of PTS. We also studied predictors of post-thrombotic 
syndrome. 

Methods: 

Study population comprised of 54 patients with documented 
index episode of DVT. PTS and its severity were dizgnosed using 
a validated clinical scale. Subjects completed the quality of life 
questionnaire. Quality-of-life scores were compared in patients 
with and without PTS, and by severity of PTS. Logistic regression 
was used to identify predictors of post-thrombotic syndrome. 

Results: 

In the 54 patients (mean age, 53.18 years), the prevalence of 
post-thrombotic syndrome was 46.30% and that o: severe PTS 
was 12.96%. Subjects with PTS had significantly worse quality-of- 
life scores than those without PTS (mean + SD QOL score, 56.16 
+ 6.20 vs 68.27 + 4.27, respectively, P < 0.001, which worsened 
significantly with increasing severity of PTS. Homocysteinemia 
and reflux in deep veins were independent predictors of PTS (OR 
= 5.04, P = 0.0269 & OR = 0.10, P = 0.0006). 

Conclusion: 

Post-thrombotic syndrome has a significant impact on quality 
of life and our study emphasizes the need for effective prevention 
and treatment of the PTS. While the presence of reflux in deep 
veins and homocysteinemia appear to be associated with an in- 
creased risk of post-thrombotic syndrome, these findings require 
further evaluation in prospective studies. 


Operating on patients on warfarin — a 
simpler alternative approach 


Danny Chiu 
Monash University, Easternhealth, Australia 


The increasing number of patients prescribed long term warfa- 
rin creates problems for surgeons and interventionalists. The “tra- 
ditional” management involving conversion to heparin for elective. 
procedures or the use of fresh frozen plasma (FFP) and Vitamin 
K in emergency situations is cumbersome and problematic with 
issues of safety, cost, organisation and inconvenience for both pa- 
tients and medical staff. We have been using an alternative meth- 
od that is applicable in both elective and emergency settings, rap- 
idly creates a “safe” operative environment yet minimises the risk 
of thrombotic complications. It is cost competitive to existing 
strategies. 

We have reviewed our experience of the first 50 on Warfarin 
(INR 2.0 — 3.9) patients who recetved Prothrombinex-HT intrave- 
nously sixty minutes prior to intervention. These were patients 
undergoing vascular surgery or angiography and all were anti-co- 
agulated with warfarin (INR2.0-3.9). 

After receiving the Prothrombinex-HT infusion, all were fully 
reversed (INR1-L3). The patient's normal dose of Warfarin was 
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recommenced on the night of surgery (excluding 4 patients who 
were nil by mouth) and these patients all returned to a stable anti- 
coagulated state (INR>2.0) by day 2. No complications, either 
bleeding or thrombotic were noted. l 

Our current management of anti-coagulated patients is to con- 
tinue warfarin up to the time of admission, reverse immediately 
pre-op with Prothrombinex-HT and restart warfarin on the night 
of surgery. Additional heparin may be required for 248 hours 
in patients with prosthetic heart valves depending on INR levels. 


Prevalence of asymptomatic atheroscle- 
rosis In high risk Arab patients with 
diabetes: A prospective Study. F 


Mohamed Amin Elsharawi 
University of Dammam, University of Dammam, Saudi Arabia 


Diabetes mellitus is a major risk factor for atherosclerosis and 
accordingly increase morbidity and mortality. This study aimed at 
screening of high risk diabetic patients for atherosclerosis at dif- 
ferent territories. 

Patients and methods: All high risk asymptomatic patients at- 
tended the diabetic clinic, King Fahd Hospital of the University, 
Saudi Arabia were invited to be screened for peripheral arterial 
disease (PAD), extra-cranial cerebrovascular disease (CVD) and 
coronary artery disease (CAD) over one year. All participants un- 
derwent measurement of ankle brachial pressure index, carotid 
duplex scan and exercise electrocardiography. All patients under- 
went evaluation of other risk factors for atherosclerosis 

Results: One hundred and sixty nine patients were invited to be 
screened, Of these 138 (82%) completed all the screening tests. 
The mean age was 53.54 7.18years. Seventy-five (65%) had evi- 
dence of atherosclerosis. In the atherosclerotic group, 24 patients 
had PAD, 47 had CVD and 30 had CAD There were significant 
differences between the atherosclerotic and non-atherosclerotic 
groups as regard most of risk factors. In age, sex adjusted, the risk 
of developing atherosclerosis was significantly increased with all 
risk factors. Dyslipidemia had the highest association (OR 9.7, 95% 
CI 8.1-10.2) 

Conclusion: Participation and diagnostic yield of screening for 
atherosclerosis had satisfactory validity and reliability. Routine 
screening in high-risk diabetic patients can serve as an effective 
tool for diagnosis of sub-clinical cardiovascular disease and pro- 
vide strategies to optimize risk reduction. 
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Cytoreductive therapy using HSV-1 for 
the treatment of Intimal Hyperplasia 


Christopher L. Skelly MD, Qi He MD, Lisa Spiguel MD, 
Bernard Roizman Sc.D, Ralph Weichselbaum MD. (No 
competing interests) 


University of Chicago, United States of America 





INTRODUCTION: Intimal hyperplasia (IH) is a leading cause 
of vein graft or endovascular failure when treating peripheral or 
coronary arterial disease. To date, genomic and proteonomic 
strategies to reduce IH have failed to be realized clinically. The 
strategy of viral cytoreductive therapy is a mainstay of cancer 
therapies, but overlooked as a therapeutic strategy in the cardio- 
vascular field. It has been shown in the oncology field that cells 
with constitutively active MEK pathway are susceptible to mutant 
HSV-1 resulting in cytolysis. Therefore, it was hypothesized that 
MEK activity in smooth muscle cells (SMC) confers susceptbility 
to mutant HSV-1 with a dual deletion of the y 34.5 gene resulting 
in cytoreduction in vitro and a decrease in IH in vivo. 

METHODS: Two HSV-1 mutant viruses (y 34.5 deletion) were 
used for all experiments: R3616 (dual deletion) and R7020 (single 
deletion). Cell cultures were performed using human aortic 
smooth muscle cells (SMCs). The appropriate dose of virus was 
identified with a dose response assay. An MTT assay using SMCs 
stimulated to proliferate in the presence of ascending doses of 
MEK inhibitors PD98059 or U0126 and 1PFU/ml of each virus 
was performed with varying time points of cell survival evaluated 
out to 72 hours. Western blot analysis was performed to deter- 
mine p-ERK1/2 activity at increasing concentrations of PD98059 
or U0126. A balloon injury/low shear stress New Zealand White 
Rabbit model of IH was used to evaluate in vivo efficacy. Samples 
were compared using student t-test. 

RESULTS: In vitro dose response revealed a dose dependent 
susceptibility to both viruses (data not shown). R7020 showed 
more cytolysis at lower concentrations. This was reflected in the 
in vivo experiments where a dose dependent reduction of IH for 
both R3616 and R7020 compared to control was realized (Fig 1). 
At 72 hours, PD98059 (SuM) significantly increased cell survival 
in cells infected with R3616 (p<0.00001) and to a lesser extent 
R7020 (p<0.0001) (Fig 1A). Further, at 72 hours U0126 (uM) 
significantly increased cell survival from 6247.4% (virus alone) to 
98+2.7% (virus and UO126) (p=0.0002) in cells treated with R3616 
(fig 2B).There was no difference between the control (l00#£2.9%) 
and the treated group (98+2.7%) (p=0.8). 

CONCLUSION: Both in vitro and in vivo SMCs are suscepti- 
ble to both HSV mutants in a dose dependent fashion. R7020 is 
more efficacious in blocking TH than R3616. MEK inhibition sup- 
presses R3616's ability to lyse proliferating SMCs confirming the 
hypothesis that MEK activity confers susceptibility to mutant 
HSV-1 with a dual deletion y 34.5. R7020 maintained cytolytic ac- 
tivity in the presence of MEK inhibition. 
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PATIENT SPECIFIC SIMULATED RE- 
HEARSAL TO ENHANCE THE PLAN- 
NING OF ENDOVASCULAR INTERVEN- 
TIONS. 


Willem Willaert 


Ghent University Hospital, Belgium 





Introduction: Patient-specific simulated rehearsal of complex 
endovascular interventions allows incorporation of patient-specific 
CT data into the simulation software, enabling the interventional- 
ist to evaluate the use of the C-arm, different endovascular tools 
and the optimal access strategy prior to performing the real pro- 
cedure on the patient. It is a technological advance for the inter- 
ventionalist with potential benefits to patients undergoing carotid 
artery stenting (CAS) procedures. 

Objectives: This study aimed to evaluate whether patient-spe- 
cific rehearsal of a CAS procedure has an influence on the tool 
selection and the use of fluoroscopy for a complex endovascular 
procedure such as the CAS intervention. Secondary aims were to 
evaluate the face validity of this technology and if the potential 
benefit of patient-specific rehearsal is influenced by the level of 
CAS experience of the interventionalist. 

Materials: Endovascular physicians with a varying degree of 
CAS experience were recruited and divided into three groups: in- 
experienced (5-20 CAS), moderately (21-50 CAS) and highly expe- 
rienced in CAS (>50 CAS procedures). A 3D model was created 
of an actual patient with the PROcedureTM rehearsal studio soft- 
ware. Subsequently all participants rehearsed this patient-specific 
CAS procedure on the AngioMentorTM Express simulator. Pre- 
operative and postoperative questionnaires registered tool and flu- 
oroscopy preferences in a stepwise fashion for this specific CAS 
procedure to assess a potential change in material preference. A 
questionnaire rated face validity, training potential and pre-proce- 
dure potential on a Likert scale from 1 (poor) to 5 (excellent). 

Methodology: Following case note and CT angiographic re- 
view of a real patient case, subjects performed a familiarization 
virtual iliac procedure. Thereafter they proceeded to the CAS 
procedure. Endovascular tool requirements, fluoroscopic angles 
and the face validity were recorded. 

Results: Thirty three endovascular physicians with varying de- 
grees of CAS experience participated: inexperienced (n=l), mod- 
erately (n=7) and highly experienced (n=15). For all participants 
98 of a possible 363 changes (27%) were observed from pre- to 
post-case questionnaires. This was most notable for optimal fluo- 
roscopy C-arm position 17/33 (52%), chosen guide wire to intro- 
duce the sheath in the common carotid artery 15/33 (46%), choice 
of selective catheter 13/33 (39%) or guiding catheter (or sheath) 
12/33 (36%) and balloon dilatation strategy 10/33 30%). Although 
modifications in tool preferences were more apparent in the inex- 
perienced group, these alterations were not significantly influ- 
enced by level of CAS experience (p>0.05) Face validity of the 
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model, training potential and pre-procedure potential were rated 
high by the interventionalists and all measured a median of 4. 

Conclusion: Patient-specific simulated rehearsal of a complex 
endovascular procedure strongly influences tool selection and flu- 
oroscopy. This influence seems irrespective of the prior experi- 
ence level with CAS. This technology requires further investiga- 
tion with respect to a potential reduction in the use af endovascu- 
Jar material and X-ray exposition and with respéct to improved 
outcomes in. the clinical setting. 


COMBINED DISTAL BYPASS AND FREE 
FLAP FOR CRITICAL LIMB ISCHEMIA 
WITH EXTENSIVE TISSUE LOSS AND IN- 
FECTION 


Atsuhiro Koya, Atsuhiro Koya, Nobuyoshi Azuma, 
Masashi Inaba, Hisashi Uchida, Taku Kokubo, 

Nobuyuki Akasaka, Tadahiro Sasajima 

Division of Cardiovascular Surgery. Asahikawa Medical College, 
Japan 


OBJECTIVE: It is difficult to salvage severe ischemic foot 
with extensive tissue loss and infection. We reviewed results of 
combined distal bypass (DB) and free flap (FF), and validated ef- 
ficacy of the limb salvage operation. 

METHODS: During the past 9 years, 293 patients (302 limbs) 
with ischemic ulcer or gangrene were treated with arterial recon- 
struction. Of 293 cases, combined DB with autologous graft and 
FF were performed in 21 patients (22 limbs), whose etiology of 
peripheral arterial disease was arteriosclerosis in 17, and Burger 
disease in 4. Eighteen patients had diabetes, 7 were detected isch- 
emic heart disease, and 6 were dialysis-dependent end-staged re- 
nal failure (ESRF). Eighteen patients underwent DB to crural or 
pedal arteries, and 4 patients without graftable distal artery were 
performed distal venous arterialization. Two cases underwent DB 
and FF simultaneously, while other cases were received DB first, 
followed by FF after debridement of necrotic tissue, disinfection, 
and growing granulation. The types of flap included parascapular 
cutaneous flap in 8, rectus abdominal flap in 8 and laitisimus dor- 
si flap in 6. 

RESULTS: Fourteen flaps were healed primarily, and 2 limbs 
needed additional FF successfully (72.7%). Two flaps were failed 
due to inflow graft insufficiency in one Burger disease, and an- 
other with microcirculation disorder due to ESRF, and 2 were de- 
tached from wound bed because of infection. Only one patient 
with progressively ischemic change due to severe heart failure was 
unwillingly received major amputation of bilateral limbs. 2 of six 
patients with ESRF were died of associated cardiac diseases. 

COCLUSIONS: Combined DB and FF was effective as a last 
resort of limb salvage technique for patients with extensive tissue 
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loss. It was suggested selection of candidate, certain graft flow to 
the flap and disinfection of wound before FF were important for 
achievement of this therapy 


BUERGER DESEASE , a frequent pathol- 
ogy In Orient. Aleepo retrospective study 


DR FAYEZ TAMBE 
UNIVERSITY OF ALEPPO, Syria 


THIS IS A RETROSPECTIVE STUDY CONCERNING 320 
PATIENTS OF BUERGER DESEASE ADMITTED BETWEEN 
2003 AND 2008 AT THE ALEPPO UNIVERSITY HOSPITAL. 
BUERGER DESEASE HAS A WORLDWIDE DISTRIBUTION 
MORE PREVALENT IN THE MIDDLE EAST AND FAR 
EAST THAN IN THE NORTH AMERICA AND WESTERN 
EUROPE. . 

THIS INFLAMATORY PATHOLOGY AFFECT SMALL AND 
MILD SIZE VESSEL THAN LARGE VESSELS. 

THE USE OF TOBACCO IS CENTRAL TO THE INITIATION 
AND PROGRESSION OF THE DESEASE. 

FOR ALL OUR PATIENTS THE CRITERIA OF SELECTION 
WAS SHINOYA EXCEPF FOR WOMEN WE ADOPT OLLIN 
CRITERIA. 

IN THIS STUDY,WE HAVE AT LESAT 2 YEARS OF OBSER- 
VATION. 

THE AIM OF OUR STUDY IS TO DEMONSTRATE 

THE PREVALENCE OF THIS PATHOLOGY IN NORTH 
SYRIA 

THE SOCIO-ECONOMIC CONDITIONOF PEOPLE WITH B.D 
THE PARTICULARITY OF THE SIGN AND SYMPTOMS IN 
THE MIDDLE EAST 

THE DISASTROUS RESULTS OF ALL KIND OF MEDICAL 
OR SURGICAL TREATMENT. 

THE CENTRAL ROLE OF ABSTINENCE OF TOBACCO 
IN THE PROGNOSIS. 

AND FINALLY WE COMPARE OUR STUDY AT EACH 
STEP FROM DIAGNOSIS TO TEATMENT AND PROGNOSIS 
WITH OTHER STUDIES PROVIDING FROM JAPAN TUR- 
KEY ‚EUROPE AND THOSE COMING FROM CLEAVLAND 
INSTITUTE, 

AND WE INDENTIFY SOME SPECIFICITY OF THE 
DESEASE IN THE MIDDLE EAST CONCERNING SYMP- 
TOMES EVOLUTION AND PROGNOSIS 

AND THE EFFICACITY OF DIFFERENT SURGICAL 
TREATMENT. 
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Auto transplantation for renal artery 
aneurysm in a single kidney; 


Mamoun AL-Basheer MBBS (Lond) FRCSI FRCSEd JES 
JBVS FICA 


Vascular & Endovascular surgeon, King Hussien Centre, 


Amman, Jordan 
Clinical Fellow, Liver Transplant Surgery, LHSC, London, 
Ontario, Canada. 


Introduction: 

Renal artery aneurysm (RAA) is an infrequently seen disease 
entity but one with the potential for significant morbidity and 
mortality. 

Symptomatic and large RAAS are more prone to serious com- 
plications which mandate proactive management. We report the 
successful treatment of such an aneurysm in a solitary kidney. 

Case report: 

We report the case of a 35 year old female who presented with 
loin pain and was discovered on computed tomographic arteriog- 
raphy with 3-dimensional reconstruction to have a large renal ar- 
tery aneurysm measuring 5 cm in maximal diameter and involv- 
ing the bifurcation of the renal artery at the hilum. Five years 
earlier she had contra lateral nephrectomy at another hospital for 
non functioning kidney secondary to nephrolithiasis. Following 
nephrectomy, cold preservation, ex-vivo renal artery aneurysmec- 
tomy and renal artery reconstruction, the kidney was transplanted 
into the left iliac fossa.. The internal iliac artery bifurcation was 
used as the inflow artery connected end to end to both branzhes 
of the renal artery. Following an initial period of ATN (acute tu- 
bular necrosis) she recovered her renal function back to base line 
normal renal function and remains well and asymptomatic at 1 
year follow up. 

Conclusion: 

Autotransplatation is a viable option for repair of hilar renal 
artery aneurysms as it facilitates ex-vivo aneurysmectomy and 
arterial reconstruction. This case report is further evidence of 
good outcome even in cases of a single kidney. 
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Treatment and Prognosis of 27 Cases of 
Popliteal Artery Aneurysm 


Kentaro Kamiya’, Shunya Shindo', Hirotomo Uchiyama’, 
Hidenori Inoue’, Masaaki Cho’, 

Toshiya Nishibe’, Satoru Shiraiwa’, Masahiko 

Matsumoto’ Hiroshi Shigematsu’, 

‘Department of Cardiovascular Surgery, Tokyo Medical 
University Hachioji Medical Center, Hachioji-city, Tokyo, 
JAPAN 

*The 2nd Department of Surgery, Yamanashi University Hospital, 
Chuo-city, Yamanashi, JAPAN 


*Department of Vascular Surgery, Tokyo Medical University 
Hospital, Shinjuku-ku, Tokyo, JAPAN 


<Purpose> 

Popliteal artery aneurysm (PAA) is the most common periph- 
eral artery aneurysm, comprising 70% to 85% of the total periph- 
eral aneurysms. However, reports have been few in JAPAN. We 
analyzed 27 cases of PAA experienced at our department to clari- 
fy their prognosis. 

<Methods> 

Six PAAs in 3 patients treated at Tokyo Medical University 
Hachioji Medical Center from 2009 to 2010 and 21 PAAs in 16 
patients treated at Yamanashi University Hospital from 1992 to 
2010 were reviewed from their medical records retrospectively. 

<Results> 

PAAs were diagnosed in 27 legs (Rt: 11, Lt: 16) in 19 patients 
(Male: 15, Female: 4), ranging from 56 to 93 years of age (mean, 
74.3 years). Bilateral PAAs were present in 8 patients (42.1%). Av- 
erage size of PAA was 33.6 mm (13-70 mm). Six PAAs were trea- 
ted without operation (22.2%), and 21 PAAs were treated surgical- 
ly (77.8%). Bypass surgery with exclusion of the aneurysm was 
performed in 19 legs, using saphenous vein grafts in 7 legs 36.8%), 
vascular prosthetic grafts in 11 legs 66.7%), and direct anastomo- 
sis in 1 leg 6.3%). Below-knee amputations were needed in 2 legs 
due to gangrene and infection. Acute arterial occlusions were ob- 
served in ll legs (40.7%), of which emergency bypass operations 
were performed in the 10 legs, while below-knee amputation was 
performed in the remaining case. Complications with nerve dys- 
function after emergency operation were experienced in 6 legs. 
Coexisting aneurysms with PAA were identified in 9 patients 
(47.4%); abdominal aortic aneurysms in 4 patients, common iliac 
arterial aneurysms in 2 patients, and femoral arterial aneurysms 
in 5 patients. 

<Conclusions> 

PAA is not yet a popular disease in JAPAN. We must increase 
the recognition of the disease, leading to more appropriate treat- 
ment for limb salvage. Multiple aneurysms should be cared im- 
mediately. 
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Does “on-site” vascular surgery improve 
ruptured abdominal aortic aneurysm 
survival? 


Danny Chiu 
MONASH UNIVERSITY, EASTERN HEALTH, Australia 





Eastern Health encompasses three major emergency depart- 
ments but only one is linked to an “on-site” vascular surgical ser- 
vice. Ruptured abdominal aortic aneurysms, presenting at the oth- 
er two sites need to be transferred for intervention. 

Between 2002 and 2008, 101 patients were identified. 68 pa- 
tients presented to the hospital with on-site vascular services (on- 
site group) and 33 patients presented to other sites without vascu- 
lar services and potentially needed to be transferred for interven- 
tion (transfer group). 

The average age and male predominance in these two groups 
were not statistically different. The decision not to operate was 
made in 29% for the on-site group and 33% for the transfer group. 
All of these patients died. 

The operative mortality was 33% and 34% and the overall 
mortality was 54% and 55% for the “on-site” and transfer group 
respectively. The average total length of stay and time in ICU of 
both groups were not statistically different. 

Despite the same patients outcomes, the time to operation (time 
from ED presentation to operation commencement) between these 
two groups was significantly different. (median time “on-site” 
group 92 minutes, “transfer” group 24) minutes, p <0.01). 

These results indicate that the significant different in time to 
operation between these two groups did not influence patient out- 
come, nor did the lack of on-site vascular surgical service lead to 
selective intervention. The development of vasculaz services at 
each site is not warranted for the purpose of treating ruptured ab- 
dominal aortic aneurysms. 

It is not possible to extrapolate these results to situations where 
longer transfer times are applied but further studies are warranted. 


Changes In Patient Finess And EVAR 
Suitability During Surveillance Of Small 
AAAs: 

Which Should Have Early Repair? 


Carlos Timaran, Andres E Martinez, Eric B Rosero, 
Adriana Ilarraza, J Gregory Modrall, G Patrick Clagett 
Univ of Texas Southwestern Medical Center, Dallas, TX, USA 


Purpose: The need for treatment of abdominal aortic aneu- 
rysms (AAAs) in patients unfit for open repair has not been estab- 
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lished. The potential loss of patient fitness during surveillance of 
small AAAs may preclude timely repair, particularly for those pa- 
tients unsuitable for endovascular aneurysm repair (EVAR). The 
purpose of this study was to assess the longitudinal changes in pa- 
tient fitness and EVAR suitability during surveillance of small 
AAAs and their potential implications for management. 

Methods: We studied 62 patients referred for evaluation of 
nonruptured small AAAs who underwent follow-up by CT angi- 
ography. Morphologic aortic aneurysm features and EVAR suit- 
ability were measured according to SVS reporting standards. Fit- 
ness for surgical repair was assessed using the Customized Proba- 
bility Index, a validated fitness score for AAA repair. Changes in 
patient fitness and EVAR suitability were assessed using paired 
nonparametric and survival analyses. 

Results: The median age of the study cohort was 74 years (in- 
terquartile range [IQR], 65-77 years). The initial median fitness 
score was +4 (IQR, -5, +9).The median follow-up duration was 36 
months (IQR, 16-53 months). Overall, patient fitness for open re- 
pair significantly decreased during the study period (63% vs 43% 
considered fit for open repair; McNemar test, P<.001). In fact, the 
median fitness score increased from +4 to +8.5 (P=.001). The ana- 
tomic suitability for EVAR also significantly changed (81% vs 
69%; P<.001). Of note, 45% of AAAs with marginal neck mor- 
phology, i.e. length < 15 mm and diameter >28 mm, vs. 3% of 
those with adequate necks were not suitable for EVAR at the end 
of follow-up (P<.001). Long-term patient survival was not affected 
by patient fitness. Survival rates at 1, 3 and 5 years were 95%, 
87% and 70% for unfit patients vs. 96%, 92% and 73% for fit pa- 
tients, respectively (P=0.8). 

Conclusions: Significant changes in patient fitness and EVAR 
suitability occur during surveillance of small AAAs. EVAR suit- 
ability is primarily lost in small AAAs with marginal neck mor- 
phology. These data indicate that early repair for small AAAs 
may be justified in patients fit for open repair if they are unsuit- 
able for EVAR or have marginal necks for EVAR, since surveil- 
lance may result in loss of patient fitness and/or EVAR suitability 
that may preclude future repair. 
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RANDOMISED CONTROLLED TRIAL OF 
TREATMENT OF INTERMITTENT CLAU- 
DICATION DUE TO INFRA INGUINAL 
ATHEROSCLEROTIC DISEASE 


Fayyaz Ali Khan Mazari, Junaid Khan, MNA Abdul 
Rahman, Katherine Mockford, Sumit Gulati, HLD Lee, 
Tapan Mehta, Peter T McCollum, Ian C Chetter. 


Alderson House Hull Royal Infirmary, Alderson House Hull 
Royal Infirmary, United Kingdom 





OBJECTIVES: 

To compare the clinical, quality of life (QOL) and economic 
outcomes for percutaneous transluminal angioplasty (PTA), su- 
pervised exercise programme (SEP) and combined therapy 
(PTA+SEP) in the treatment of intermittent claudication (IC) due 
to femoro-popliteal atherosclerotic disease. 

METHODS: 

Patients with femoro-popliteal IC were randomised to receive 
PTA, SEP or PTA+SEP. Patients with critical limb ischaemia were 
excluded. All patients received best medical treatment including 
anti-platelet medication, lipid lowering drugs, smoking cessation 
advice and risk factor modification. Assessments were performed 
prior to and at 1, 3, 6 and 12 months post intervention. Clinical 
outcomes (pre & post exercise ankle brachial pressure index, 
treadmill intermittent claudication distance & maximum walking 
distance, patient reported walking distance, ISCVS outcomes) and 
quality of life indicators (generic SF36 and disease specific Vas- 
cuQoL) were recorded at each visit. SF-6D health utility index 
was calculated from SF-36 and plotted for all time points. Quality 
Adjusted Life Years (QALYs) were generated by calculating area 
under the curve. Costs were calculated using National Health Ser- 
vice 2009-10 payment by results tariffs (NHS-PBR), National In- 
stitute of Health Research Clinical Research Network investiga- 
tion pricing index and BUPA Healthcare pricelists. Adjustments 
to treatment costs were made for re-interventions. Cost per QALY 
and incremental costs were calculated for each procedure. Multi- 
ple sensitivity analyses were performed for variation in utility and 
cost calculations to check robustness of results. 

RESULTS: 

Over a 6 year period 178 patients were recruited and ran- 
domised to the three treatment arms (PTA 60, SEP 60, PTA+SEP 
58). All groups were well matched at baseline for demographics, 
co-morbidities and TASC grading. 34 patients withdrew from the 
trial or were lost to follow up. 

Clinical & QOL Outcomes: 

Intra group analysis: 

All groups demonstrated significant clinical and QOL im- 
provements (Friedman test, p<0.05). 

SEP (60 patients, 14 withdrew) 69.6% of patients (n=32) 1m- 
proved following treatment [19mild, l1Omoderate, 3marked], 13 %( 
n=6) no improvement and 17.4 %( n=8) deteriorated. 8.3% (n=5) of 
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patients required re-intervention within | year (4 PTA, 1 Femoro- 
politeal bypass). 

PTA (60 patients, 8 withdrew) 71.1% of patients (n=37) im- 
proved following treatment [16 mild, 16 moderate. 5 marked], 
17.3% (n=9) no improvement and 11.6 %( n=6) deteriorated. 13.3% 
(n=8) of patients required re-intervention within | year (7 PTA, | 
femoro-popliteal bypass). 

PTA+SEP (58 patients, 12 withdrew) 87.0% of patients (n=40) 
improved following treatment. [18mild, 20moderate, 2marked], 
13.0% (n=6) no improvement and 0 % (n=Q) deteriorated. No pa- 
tient required re-intervention within | year. 

Inter group Analysis: 

PTA & SEP were equally effective in improving clinical out- 
come significantly, however, the effect was short lived. PTA+SEP 
produce a sustained improvement in clinical outcome measures 
than PTA or SEP alone, but there was no significant QOL advan- 
tage (Kruskal Wallis test, p>Q.05). 

Economic Outcomes: 

Intra group analysis: 

All treatments resulted in statistically significant improvement 
in SF-6D index score (Friedman test, p<0.05). 

Inter group analysis: 

OALYs: There was no significant difference (ANOVA, p>0.05) 
between treatments in mean QALYs gained [PTA 0.620 (95@CI 
().588-0.652), SEP 0.629 (95%CI 0.597-0.660) PTA+SEP 0.649 
(95%CI 0.622-0,675)). 

COSTS: Primary unadjusted cost per procedure was £5,492.75 
for PTA, £2,832.74 for SEP and £5,830.74 for PTA+SEP. After ad- 
justment for re-interventions (PTA 8, SEP 5, PTA+SEP 0). mean 
cost per procedure was significantly higher (ANOVA, p>0.05) for 
PTA (£6,049.23) compared to SEP (£3,198.13) and PTA+SEP 
(£5,830.74). Consequently, cost per QALY was significantly higher 
for PTA (£9,756.82) compared to SEP (£5,084.47) and PTA+SEP 
(£8,984.19). This resulted in an incremental cost of £26,642.41 if 
PTA was used alone compared to PTA+SEP; and £519,150.00 if 
PTA was used instead of SEP to equate the QALY gain achieved 
by these treatments. 

These results were robust and valid in all sensitivity analyses. 

CONCLUSIONS: 

PTA, SEP & combined therapy (PTA+SEP) are effective treat- 
ments for femoro-popliteal atherosclerotic disease. Combined 
therapy (PTA+SEP) produces sustained results compared to either 
treatment alone. SEP is the most cost effective and should be the 
first line treatment for IC in this patient group. Combined therapy 
is more cost effective than PTA alone and should be provided as 
standard treatment where applicable. Provision of SEP in commu- 
nity can result in further reduction of costs and improve patient 
compliance and satisfaction. 
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Current Reconstructive Techniques Following Head and Neck 
Cancer Resection Using Microvascular Surgery 


Takeharu Kanazawa, MD, PhD,' Shunji Sarukawa,’ Hirofumi Fukushima,’ Shoji Takeoda,* Gen Kusaka,’ and 
Keiichi Ichimura’ 


Various techniques have been developed to reconstruct head and neck defects following surgery to restore 
function and cosmetics. Free tissue transfer using microvascular anastomosis has transformed surgical 
outcomes and the quality of life for head and neck cancer patients because this technique has made it pos- 
sible for surgeons to perform more aggressive ablative surgery, but there is room for improvement to 
achieve a satisfactory survival rate. Reconstruction using the free tissue transfer technique is closely . 
related to cardiovascular surgery because the anastomosis techniques used by head and neck surgeons are 
based on those of cardiovascular surgeons; thus, suggestions from cardiovascular surgeons might lead to 
further development of this field. The aim of this article is to present the recent general concepts of recon- 
struction procedures and our experiences of reconstructive surgeries of the oral cavity, mandible, maxilla, 
oropharynx and hypopharynx to help cardiovascular surgeons understand the reconstructions and share 
knowledge among themselves and with neck surgeons to develop future directions in head and neck recon- 


struction. 


Key words: free tissue transfer, microvascular anastomosis, head and neck reconstruction 


INTRODUCTION 


ead and neck cancer refers to a group of biologically 
similar cancers originating from the oral cavity, 
nasal cavity, paranasal sinuses, pharynx and larynx. Most 
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head and neck cancers are squamous cell carcinomas 
(HNSCC), originating from the epithelium of these 
regions. HNSCC are frequently aggressive in their bio- 
logic behavior, and many patients have advanced disease. 
With recent advances in concurrent chemoradiotherapy 
(CCRT), organ conservation is an important aim in 
HNSCC therapy,” similar to disease control; however, 
CCRT is limited to the control rate of advanced local can- 
cer, and post-therapeutic dysfunction is still an issue.” ” 
More than 50% of advanced HNSCCs require recon- 
struction of surgical defects to prevent functional and 
cosmetic issues (our original data). Furthermore, as there 
are many important structures in the head and neck 
region, complications after surgery sometimes result in 
postoperative death by rupture of the carotid artery and 
meningitis after skull base surgery. Thus, life-saving is 
also an important goal of head and neck reconstruction. 
The head and neck region is one of the most difficult areas 
to reconstruct because it has complex anatomic, functional 
and physiologic interactions. Thus, many reconstructive 
techniques for surgical defects have been developed. 
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Previously, pedicled flaps and alloplasts were commonly 
used to reconstruct the head and neck region.” ” Pedicled 
flaps, such as the pectoralis major, latissimus dorsi and 
trapezius, still play an important role in reconstruction of 
large defects,” but they may yield unsatisfactory func- 
tional and cosmetic results because of donor site morbid- 
ity and limitations relating to bulk.” Head and neck 
reconstruction using microvascular surgery was first 
reported by Seidenberg in 1959,” and Daniel et al. 
reported the advanced technique of microvascular anas- 
tomosis using a dedicated microscope in 1973, 

Recent progress in vascular surgery techniques has 
made it possible to develop head and neck reconstruction 
using free tissue transfer for defects after surgical resec- 
tion." '*’ The advantages of free tissue transfer are to 
avoid the limitations of pedicle length and also to enable 
selection of the most appropriate tissue to replace surgical 
defects. At present, free tissue transfer is the standard 
approach for head and neck reconstruction.” '* '’ Recon- 
struction using the free tissue transfer technique is closely 
related to cardiovascular surgery because the anastomosis 
techniques used by head and neck surgeons are basec on 
those of cardiovascular surgeons. As a few head and neck 
surgeons are sufficiently skilled in microvascular anasto- 
moses, free tissue transfer for head and neck reconstruc- 
tion is performed in limited institutions. If cardiovascular 
surgeons could master free tissue transfers, head and 
neck reconstruction using free tissue transfer would be a 
common procedure that could be performed in many 
institutions. The aim of this article is to present recent 
head and neck reconstruction procedures and our experi- 
ences to help develop an understanding by cardiovascular 
surgeons, and to share knowledge with both head and 
neck surgeons and cardiovascular surgeons to discuss 
future directions in head and neck reconstruction. 


MICROVASCULAR ANASTOMOSES 


Free tissue transfer permits the transfer of suitable dis- 
tant tissue to the recipient site by means of microvascular 
anastomoses. As it has its own arterial supply and venous 
drainage system, the transferred tissue can provice a 
good blood supply. Microvascular anastomoses are indis- 
pensable techniques for head and neck reconstruction 
using free tissue transfer. With the development of 
improved optic microscopes and fine instruments and 
devices for microsurgery, the patency rates of anastomo- 
sed vessels have reached more than 90% and conse- 
quently, flap survival has become the norm.” In general, 
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microvascular anastomoses are performed by conven- 
tional hand suturing.'~ '°’ Under microscopic vision, the 
vessel ends of the donor site are freshened by recutting 
the edges and removing the adventitia 2 mm from the 
ends, and then the vessels are anastomosed with 9-0 or 
10-0 nylon combined knotting with running microsu- 
tures to the artery and vein on the recipient side. 
Although the conventional method is used as the stan- 
dard, anastomotic coupling devices are becoming accept- 
able. The common arteries used as donor vessels are 
the superior thyroid artery, the main trunk of the external 
carotid artery, the transverse cervical artery and the facial 
artery. The most common vein used as the recipient ves- 
sel is the internal jugular vein (end-to-side anastomosis). ” 
Among postoperative complications in free flap transfer, 
total flap necrosis caused by vascular thrombosis in par- 
ticular is extremely serious, and the rate of total flap 
necrosis ranges from 0.8% to 7.7%.'~ '*’ Many factors, 
such as patient age, tobacco use, systemic disease, obe- 
sity, a protracted surgical time, an interposition vein graft 
and prior radiation exposure, have been previously 
reported being associated with flap necrosis’? ~ 
ever, a recent study demonstrated that the only significant 
risk factor for total flap necrosis was a history of CCRT,” 
and another report showed that diabetes mellitus 
increased the failure rate.'”’ Although significant factors 
in flap failure are not yet clear, we suggest that surgeons 
should take into consideration the preceding general con- 
dition, the suturing technique and the selection of the flap 
for patients with candidate risk factors. 


". how- 


ORAL CAVITY 


In the oral cavity, the most common site of cancer is 
the tongue, followed by the floor of the mouth, cheek lin- 
ing, gingiva, lips and palate. 

Surgery in this area inevitably disturbs function 
because it removes the intrinsic pedicle muscles of the 
tongue to a greater extent, including major sensory and 
motor nerves, leading to neurological deficits, and leaves 
a tongue remnant of variable size and loss of mucosa 
from the floor of the mouth. The two contrasting views 
are whether it is better to fully replace the lost tissue and 
fill the whole dead space or to just restore oral tongue 
continuity by minimal replacement of soft tissue.” 

Surgeons advocating full reconstruction of the lost tis- 
sue are likely to use a thick flap, such as a latissimus dorsi 
or rectus abdominis flap, because they believe full recon- 


struction is necessary for static oral phase swallowing. * *" 
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On the other hand, those who advocate reconstruction 
with minimal soft tissue replacement to maintain func- 


tion as dynamic reconstruction commonly use a radial 
forearm flap, as the residual tongue tissue undergoes 
hypertrophy following reconstruction providing that the 
tongue remnant is maintained in the correct anatomical 
position."**”’ In our opinion, no one type of flap is signifi- 
cantly superior with respect to functional outcome. The 
type of flap reconstruction is determined mainly by the 
expected size of the defect. The radical forearm flap is 
the first choice for reconstruction because of its thin and 
pliable nature (Fig. 1). Free myocutaneous flaps, such as 
a free rectus abdominis flap, are needed for larger vol- 
ume defects. Suturing a flap to the surgical margin to 
maintain the mobility of the remaining structure is 
important in patients with a relatively small defect after 
resection. For larger defects, the type of flap should be 
determined individually in consideration of a variety of 
factors, including defect volume at the recipient site, the 
skill of the surgeon and donor site morbidity. Further- 
more, re-innervated free tissue transfer may not be man- 
datory, and we do not perform the re-innervation of either 
sensory or motor nerves. 


CARCINOMA INVOLVING THE MANDIBLE 


Cancer involving the mandible is usually secondary to 
direct extension from the oral cavity or the oropharynx. 
Surgical management usually requires either partial hori- 
zontal resection or segmental resection. The length of the 
resection is dependent on the extent of the tumor and 
resected portions of mandible, such as the posterior verti- 
cal, the lateral, the anterior, or a combination of these 
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Fig. 1 Reconstruction of the tongue using radical forearm 
flap. A: Surgical defect of the tongue. B: Radical 
forearm flap. C: Reconstruction of the tongue. 
D: One year after reconstruction. 


resections. In addition to bone resection, a varying vol- 
ume of soft tissue is inevitably resected. Thus, several 
combined flaps are used for mandible reconstruction, 
such as a fibular flap, scapular flap and deep circumflex 
iliac flap.~° The fibular flap and scapular flap are com- 
monly used for mandible reconstruction.” The scapular 
flap, meaning the flap vascularized by the chimeric nature 
of the subscapular vascular system, allows harvest of mul- 
tiple, independent skin paddles, serratus muscle/rib, lattis- 
simus dorsi muscle and up to 12 cm of lateral scapular 
bone.** °° 

These features make it the ideal flap for complex com- 
posite defects with large soft tissue requirements, such as 
mandibular continuity defects with simultaneous intraoral 
and extraoral components.~” The disadvantages of the 
traditional scapular flap include a short vascular pedicle, 
inadequate bone quantity and reliable support of 
Osseointegrated dental implants, and need for intraopera- 
tive position changes.” *°’ The fibular flap has excellent 
bone quality and quantity, up to 25 cm, of sufficient pedi- 
cle length.” °°” Furthermore, the complication rates and 
donor site morbidity have generally been acceptable. The 
disadvantages of the flap are its associated skin paddle, 
which is of somewhat limited size and flexibility,” °° and 
the limited bone height availability of the osseointegrated 
implant flap.” 

Although a report has described that the fibular flap is 
the best work horse,~” we usually use the scapular flap to 
reconstruct the mandible because of its advantages (Fig, 2). 
If more than 12 cm bone length is required, we use a fib- 
ular flap, but sometimes combine it with other flaps, such 
as a radial forearm flap to fill soft-tissue defects. The 
deep circumflex iliac artery (DCIA) flap, which offers a 
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large amount of abundant bone that can be shaped like a 
hemi-mandible, is also reportedly ideal for mandibular 
reconstruction, particularly when osseointegrated 
implants are being considered.” ~° This is used when 
bulky bone is required and there is a relatively small soft- 
tissue defect, but it is not so common. 


MAXILLA 


Reconstruction after total maxillectomy may involve 
various soft tissues with or without bony requirements, 
which are determined by the extent of the resection. 
Many of these defects result in significant functional and 
aesthetic sequelae. These may include collapse of the lip, 
cheek and infraorbital soft tissues, orbital complication, 
and loss of the hemi-palate, leading to a compromised 
oral phase of swallowing and difficulty with speech artic- 
ulation. 

Total maxillectomy defects are challenging from both 
a functional and aesthetic perspective. These defects 
results in loss of a significant amount of bone and some- 
times soft tissue of the cheek. The two contrasting views 
are whether a bone-containing flap or myocutaneous flap 
with a free bone graft is needed for maxilla reconstruc- 
tion. ù 29) 

Surgeons who advocate bone-containing flaps fre- 
quently used the scapula-latissimus osteomyocutaneous 
flap, including the thoracodorsal arterial system to recon- 
struct the orbital floor and/or anterior arch.” This flap is 
considered applicable to various defects of the maxilla, 
because each of the reconstruction materials can be used 
flexibly. 

Surgeons who advocate a myocutaneous flap with a 
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B Fig. 2 Reconstruction of the mandible using a scapular 
flap. A: Segmental resection of the mandible. The 
portion between arrowheads was resected. B: Spec- 
imen following the resection of invasive squamous 
cell carcinoma of the right gum. C: Scapular flap 
based on the subscapular artery, showing the latis- 
simus dorsi with the thoracodorsal artery (open 
arrowhead) and the scapula portion of the flap with 
circumflex scapular artery (closed arrowhead). D: 
Reconstruction of mandible using scapular flap. 


free bone graft carefully use a rectus abdominis flap with 
a cranial bone graft, rectus abdominis fascia, costal carti- 
lage or titanium mesh implants to restore the orbital floor 
and/or anterior arch.’ °? Conflicting results have been 
reported about reconstruction after total maxillectomy 
using a rectus abdominis flap. Muneuchi et al. noted that 
the rectus abdominis flap, even when harvested with cos- 
tal cartilage, provides only minimum suspension for the 
prevention of orbital floor prolapse and is insufficient for 
bony reconstruction.” An important advantage of the 
rectus abdominis flap is that it can be harvested simulta- 
neously with a maxillectomy in the supine position.””’ On 
the other hand, the same studies indicated that a vascular- 
ized bone graft is not necessary, and used a rectus abdo- 
minis flap because there is enough muscle volume to 
cover alloplastic implants (titanium mesh) and a large 
volume of adipose tissue required for most maxillary 
reconstructions,” leading to the use of titanium mesh to 
avoid the need for bone grafting, and may be especially 
beneficial in fragile or aged patients. 

In our opinion, the choice of flap depends on the 
remaining zygomatic bone. As most patients have enough 
zygomatic bone remaining to prevent prolapse of the 
orbital floor, we usually use a rectus abdominis flap with 
costal cartilage (Fig. 3) or titanium mesh. If the zygo- 
matic bone is completely resected, bone-containing flaps 
should be used, but this is relatively rare. 


OROPHARYNX 
The oropharynx is the middle part of the throat, which 


includes the base of the tongue, tonsils, soft palate, and 
the posterior wall of the pharynx. Larger defects after 
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oropharyngeal resection, such as total palatal, more than 
50% of the tongue base, and composite tongue base/pala- 
tal/pharyngeal defects may be closed with a radical fore- 
arm and anterolateral thigh flap free flap, and rectus 
abdominis flap, as an alternative to regional myocutane- 
ous pedicled flaps. Free gastro-omental flaps may also be 
used for oropharyngeal reconstruction. The fibular flaps 
are an excellent option for defects involving bone. The 
scapular free flap may also be used, and offers the advan- 
tage of having two skin paddles (scapular and parascapu- 
lar) for internal and external lining.***” 


HyPOPHARYNX 
Hypopharyngeal cancers are regarded as relatively 


rare, but are now increasing in number. They have poor 
survival rates compared with cancers at other head and 
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Fig. 3 Reconstruction after total maxillectomy. A: Costal 
cartilage (arrowhead) used to reconstruct the orbital 
rim and orbital floor. B: Design of the rectus abdo- 
minis free flap. C: Rectus abdominis free flap fill- 
ing the maxillectomy defect to cover the costal car- 
tilage and restore the oral palate. D: Postoperative 
result. 


Fig.4 Reconstruction after pharyngolaryngoesophagec- 
tomy. A: Surgical defect after pharyngolaryngoe- 
sophagectomy. B: Free jejunal flap C: Reconstruc- 
tion of pharynx and cervical esophagus. D: Phar- 
yngo-esophagogram is usually performed to con- 
firm a complete reconstruction. 


neck sites. Multimodal treatment is the norm and most 
surgeries are performed as a pharyngolaryngoesophagec- 
tomy.” If it is necessary to carry out a pharyngolaryn- 
goesophagectomy, the patient is left with a massive func- 
tional defect, which grossly compromises both speech 
and swallowing. The reconstructive surgeon attempts to 
restore functional continuity for swallowing and at the 
same time enable a conduit for esophageal speech. Free 
jejunal flap transfer is the standard technique for recon- 
struction after pharyngolaryngoesophagectomy in Japan 
(Fig. 4)” because this flap has many advantages, such as 
a low rate of leakage and stenosis. Jejuna also have a 
large and adequate vasculature, enabling freedom to 
select mesenteric vessels and a greater range of safety 
margin for tumor resection by harvesting a sufficient 
length of intestinal segment.” *” Furthermore, an anasto- 
motic procedure after harvest shows little impact on the 
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digestive system, with a low rate of surgical complica- 
tions. Thus, the goal of the free jejunum graft is a single 
stage reconstruction with a low complication rate, such as 
leakage and stenosis, short hospital stay and early restora- 
tion of swallowing. 

Reports from other countries indicated that free fas- 
ciocutaneous tubed flaps, such as a radical forearm flap 
or anterolateral thigh flap, have several advantages. A 
recent comparative study indicated that an anterolateral 
thigh flap results in better speech (fluent tracheoesopha- 
geal speech in 89% vs. 22%), swallowing function toral 
intake in 95% vs. 65%), and quicker recovery, and is more 
cost-effective than the jejunal flap for pharyngoesopha- 
geal reconstruction. > Thus, fasciocutaneous tubed 
flaps should be considered in Japan. 


CONCLUSION 


We have reviewed head and neck reconstruction sur- 
gery and presented typical cases of HNSCC requiring 
reconstruction after resection to help the understanding 
of cardiovascular surgeons. Free tissue transfer with 
microvascular surgery has become the standard of care 
and has transformed surgical outcomes and the quality of 
life of patients who undergo major ablative surgery. Such 
a development has been enabled by the progression of 
vascular surgery techniques. Free tissue transfer using 
microvascular surgery is considered to be the most 
important breakthrough in this field in the last century; 
however, even aggressive surgeries including free tissue 
transfer cannot achieve a satisfactory survival rate over 
the long term. Recently, novel techniques such as in situ 
tissue engineering have been used clinically. For instance, 
lino et al. reported 15 mandibular reconstructions using 
the Dumbach Titan Mesh-System and particulate cancel- 
lous bone and marrow.” Refinement of the current tech- 
niques and development of novel techniques should con- 
tinue to improve the outcome and quality of life in this 
challenging patient population. 
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=- Enhanced Neovascular Formation in a Novel Hydrogel 
_ Matrix Consisting of Citric Acid and Collagen 
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Background: Three-dimensional regenerative tissue with large bulk generally requires blood perfusion 
through a vascular network to maintain its viability, and one promising approach is induction of neovascu- 
lar growth from the recipient bed into the tissue. To induce ingrowth of a vascular network, it is necessary 
| to furnish the regenerative tissue with a scaffeld structure for neovasculature and a delivery system for an 
! angiogenic growth factor. As such a scaffold structure, the present study created novel hydrogel materials 
| by chemically cross-linking alkali-treated collagen (AlCol) with trisuccinimidyl citrate (TSC). 

Materials and Methods: Many prototypes, consisting of several concentrations of TSC and AlCol, were 
implanted into the subfascial space of the rat rectus muscle, and 7 days later, the implanted materials were 
excised for histological analysis. Cross-sections were stained and neovascular development in the materials 
was evaluated by measuring vessel density, length and number of joints and branches. 

| Results: Significant ingrowth of vascularized granulation was observed in some materials, which surpassed 
the angiogenic ability of Matrigel". Further, combination with basic fibroblast growth factor (bFGF) sig- 
nificantly increased the vascular formation in these gels. 

| Conclusions: The TSC-AICol gel functioned as-a favorable scaffold for neovascular formation and also as a 
| reservoir for controlled delivery of bFGF. 





Key words: neovasucular formation, hydrogel, cellagen, citric acid, basic fibroblast growth factor 





INTRODUCTION reproduce or simulate the function of the original tissue 
or organ. One crucial reason for the unfavorable status is 
Rv advances in the fields of tissue engineering insufficient development of technology to construct the 


and stem cell biology have produced practical regen- three- dimensional (3-D) structure of regenerative tis- 
erative tissues, some of which have been applied in clin:- sues.” If these 3-D technologies could be applied for tis- 
cal settings for therapeutic purposes.” ” However, at pres- sue engineering, it would be possible to produce highly- 
ent, there are few regenerative products that completely organized regenerative tissues with reasonable bulk, 
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Neovascular Formation in Collagen Hydrogel Matrix 
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Fig. 1 Schematic illustration of chemically cross-linking reaction of citric acid derivative 
(TSC) with alkali-treated collagen (AlCol). 


vascular system to maintain the viability of the whole tis- 
sue, since the range of transportation by passive diffusion 
is limited to 100-200 pm at maximum.” 

Several approaches have been proposed to develop a 
vascular system in regenerative tissues, and one promis- 
ing approach is induction of newly-formed vessels from 
the host vasculature by controlling vasculogenesis, angio- 
genesis or arteriogenesis.” Delivery of angiogenic growth 
factors or endothelial precursor cells potentially promotes 
these mechanisms of neovascularization, and this strat- 
egy has been applied for the treatment of vascular occlu- 
sive disease, such as ischemic heart disease and chronic 
limb ischemia.* However, to induce vessel formation in 
regenerative tissue, it is also important that the tissue is 
suitably furnished with a scaffold structure for newly- 
formed vessels, since it is essential for vessels in vivo to 
have a surrounding extracellular matrix (ECM) as a nat- 
ural scaffold.” The vascular wall must be supported by 
ECM, and vascular cells receive several stimulants and 
signals via the matrix.” Matrigel™, a preparation of 
basement membrane, is a well-known biomaterial that 
possibly serves as favorable scaffold for neovasculariza- 
tion, though it is difficult to utilize the material for clini- 
cal purposes, because it is extracted from mouse sar- 
coma. 11) 

As a safe biomaterial to induce neovascular ingrowth, 
we previously developed physical gel matrix which was 
an ion complex of atelocollagen and alkali-treated colla- 
gen (AlCol) modified with trisuccinimidyl citrate 
(TSC).”” In the present study, we created a chemical gel 
matrix for the same purpose. This hydrogel matrix was 
formed by chemically cross-linking AlCol with TSC,? 
and can be combined with a potent angiogenic growth 
factor, basic fibroblast growth factor (bFGF). Application 
of this biomaterial in regenerative tissue is expected to 
lead to development of a vascular network in the regen- 
erative tissue after implantation in vivo. 
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Table 1 Formulation of synthesized TSC-AlCol gels 


TSC ( AiCol (wiv %) 
10 15 20 30 
1 NA NA NA NA NA 
3 NA NA + + + 
6 + + $ + + 
10 + = 3 be 


NA: Gels were completely disappeared. 
+: Granulation developed into gels 

—: No granulation developed into gels 
TSC, trisuccinimidly citrate 


MATERIALS AND METHODS 


Synthesis of hydrogel matrix from TSC and AlCol 
(TSC-AICol gel) 

TSC was prepared as described previously.” Briefly, 
citric acid was dissolved in tetrahydrofuran (THF), and 
then hydroxysuccimide (HOSu) and dicyclohexycarbodi- 
imide (DCC) were added. This mixture was concentrated 
with rotary evaporation under reduced pressure, and 
recrystallized to yield TSC. The obtained TSC was char- 
acterized by ‘H-NMR (JEOL EX-300) and elemental 
analysis: LH-NMR (DMSO-d;) 6 = 2.8 ppm (s, 12H, suc- 
cinimidyl esters CH, x 6), 3.4 ppm (s, 4H, CH, x 2), 7.2 
ppm (s, 1H, OH). Analysis: Calculated for C,gH,,N3O,3: C, 
44°73, H, 3.55; N, 8.69. Found: C, 44.83; H, 3.45; N, 8.58. 

For the synthesis of TSC-AlCol matrices, AlCol (type 
I, derived from pig skin, Nitta Gelatin Inc., Osaka, Japan) 
was dissolved in dimethylsulfoxide (DMSO) to obtain 7.5, 
10, 15, 20 and 30% w/v AlCol solutions. Then, 50 ul TSC 
solution at a concentration of 1, 3, 6 or 10 mM was added 
to 200 ul of each AlCol diluent. The TSC-AlCol mix- 
tures were poured into flat containers so as to be 1 mm 
thick and incubated for 24 h at 37°C to chemically cross- 
link AlCol with TSC, forming gel sheets (Fig. 1). 
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The gel sheets were subsequently immersed in excess 1). 
M phosphate buffer solution for 24 h at 37°C to remeve 
DMSO, and disc-shaped gels with 6 mm diameter were 
cut out from the gel sheets (1 mm thick) for in vivo 
implantation. In the present study, we synthesized twenty 
kinds of TSC-AICol gels for evaluation (Table 1) aad 
abbreviated the TSC-AICol gel with formulation X mM 
TSC and Y % AlCol to TSC[X]-AlCol Y]. 


Animal model and implantation of TSC-AICol matrices 

Male Sprague-Dawley rats (3—4 months, Nisseizai, 
Tokyo, Japan) fed a normal diet were used in all expen- 
ments, and all protocols were conducted according to the 
Guide for Animal Experimentation of The University ef 
‘Tokyo. Rats were anesthetized by intraperitoneal injec- 
tion of sodium pentobarbital (SO mg/kg body wt). The 
rectus sheath was exposed through a middle incision of 
the abdomen, a longitudinal fasciotomy of the rectus 
sheath was carried out near the linea alba, and an appre- 
priate space for implantation was prepared between the 
rectus sheath and the rectus abdominus muscle. After 
insertion of each TSC-AICol gel disc (n = 6 for each gel 
disc) in the subfasctal space, the rectus sheath was closed 
with polypropylene sutures. In another set of animals, a 
flat drop (30 ul, ca. 37 ug) of Matrigel/™ (BD Biosci 
ences, CA, USA) was implanted in the same manner (n = 
6). The volume of 30 ul Matrigel’ was almost the same 
as that of the TSC-AICol gel disc (6 mm diameter, | mm 
thick), and the flat drop of Matrigel’ was arranged in a 
similar shape to that of the TSC-AICol gel disc before 
gelation. 

At 7 days after implantation, these implants were 
excised with the surrounding rectus sheath and muscle 
tissue, fixed with 4% phosphate buffered paraformalde- 
hyde (0.1 mol/l PO, buffer, pH 7.3) overnight, and embed- 
ded in paraffin. 


Analysis of neovascular development in the TSC-AI- 
Col gel 


Each paraffin block was trimmed in order to expose 


the maximal transverse profile of the implanted materi- 
als, and 4-um-thick cross-sections were cut. All sections 
were stained with hematoxylin & eosin. Then, other sets 
of cross-sections were stained for lectin to identify 
endothelial cells lining blood vessels. ® The sections were 
first treated with 1% trypsin (Roche Applied Science) for 
10 minutes, and then incubated with 3% hydrogen perox- 
ide for 10 minutes. Subsequently, biotinylated lectin 
(1.5391, Sigma, St. Louis, MO, USA) was applied at a 1:50 
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dilution for 2 hours at room temperature, and DAB treat- 
ment was carried out to develop brown color. Photomi- 
crographs of cross-sections were taken with a digital 
microscope (BZ-9000, Keyence, Osaka, Japan) to ana- 
lyze neovascular development in the implanted material. 
Since neovascularization in the material must progress 
from the tissue surrounding the material, analysis of 
cross sections was restricted to the peripheral region of 
each material, which was within 200 um from the over- 
all margin of the material profile, and the area of analy- 
sis was first measured with Image J software (National 
Institutes of Health, USA). Another reason for setting the 
analysis area within 200 um from the margin was to 
eliminate the potential influence of a slight difference in 
implant shape and/or deformation. Then, using angiogen- 
esis image analyzer software (KURABO, Kurabo, Osaka, 
Japan), the digital data of photomicrographs were bina- 
rized at a pre-set threshold, and the pixels that constituted 
blood vessels were counted in each binarized image.” 
The images were furthermore converted into line images 
by a thinning process, and the length of vessels and the 
number of vessel joints and branches were measured. 
Parameters for neovascular development were calculated 
as follows. 

Vessel density (pixels4im’) = pixels of blood vessels / 
analysis area 

Vessel length (um/um^ = length of vessels / analysis 
area 

Vessel joints (jum) = number of vessel joints / analy- 
sis area 

Vessel path (um? ) = number of vessel branches / anal- 
ysis area 

Analysis of the images was repeated twice in a blinded 
manner by a student helper, and the mean of the three 
values was used for statistical analysis. 


Combination of bFGF with TSC-Alcol gel 

To evaluate what amount of bFGF potentially com- 
bines with the TSC-AICol gel, the gels were incubated 
with sufficient bFGF, and the amount of combined bFGF 
was measured. An excess (1 ug) of human recombinant 
bFGF (R&D Systems, MN, USA) was added to three 
kinds of TSC-AICol gel discs (6 mm diameter and | mm 
thick, n = 4 each) whose formulation was 3, 6 or 1OmM 
TSC and 15% AlCol (TSC[3, 6, 10]-AlCol 15). After 3 
hours of incubation in a humid chamber at room temper- 
ature, the gel discs were washed three times with PBS to 
remove uncombined bFGF. Then, the bFGF-treated gel 
disc was homogenized and lysed in 100 ul high-salt 
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buffer 60mM Tris [pH7.6], 1.5M NaCl, 1 mM PMSF, 10 
ig/ml leupeptin), and the volume of the lysate was mea- 
sured (Viysarz). The concentration of bFGF in the lysate 
(Circe) was quantified by ELISA using a bFGF ELISA 
kit (R&D Systems) according to the manufacturer’s 
instructions, and the amount of bFGF bound to each gel 
disc was calculated as Viysars X Concer 


Vascular development after implantation of bFGF- 
treated TSC-AICol gels 

Another series of TSC-AICol gel discs (Fig. 1B) was 
incubated with 1 ug bFGF for 3 hours at room tempera- 
ture, and washed three times with PBS. The bFGF- 
treated gel discs were implanted into the subfascial space 
of the rat abdomen. At 7 days after implantation, the 
implants were resected from the animals, and vascular 
development in the gels was evaluated in the same man- 
ner. 


Statistical analysis 

All data are presented as mean + SE for each group. 
Student’s t-test was used for comparison of each group. P 
values < 0.05 were considered statistically significant. 


RESULTS 


Synthesis of TSC-AICol gels 

The gels were successfully synthesized in the pre- 
sented formulations (Table 1). Reaction solvent, DMSO, 
was completely substituted by water. The color of the gels 
was water-clear, and the shape and hardness of the gels 
were stable in water for more than 1 month. As the con- 
centration of TSC or AlCol decreased, the hardness of 
the synthesized gels became softer. In addition to the 
presented formulations, we tried to make TSC-AICol 
mixtures whose concentration of AlCol was 5% or less; 
however, these mixtures did not gelate, irrespective of 
AICol concentration. 


Histological findings of excised implants 

Histological analysis with hematoxylin & eosin stain- 
ing showed the in vivo status of each material at 7 days 
after implantation, and also revealed how granulation 
development and inflammatory reactions were induced 
in and around the material on the same day. After 
implantation of TSC [1]-AlCol [7.5, 10, 15, 20, 30] and 
TSC [3]-AlCol [7.5, 10] gels, the structure of the gels 
completely disappeared, and no accumulation of inflam- 
matory cells was detected around the implanted site. In 
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contrast, other TSC-AlCol gels and Matrigel™ main- 
tained their gel structure even at 7 days after implanta- 
tion. Regarding granulation growth into the residual 
material, a certain amount of granulation tissue devel- 
oped with inflammatory infiltration in TSC [3]-AlCol [15, 
20, 30], TSC [6]-AlCol [7.5, 10, 15, 20, 30], TSC [10-AICol 
[7.5], and Matrigel™, whereas little growth of granula- 
tion tissue was observed in TSC [10]-AlCol [10, 15, 20, 
30] (Fig. 2). 


Neovascular development after implantation of the 
TSC-AICol gel 

Histological staining for lectin successfully demon- 
strated the distribution of the vasculature in host tissue 
and also in the implanted materials. Vascular develop- 
ment into the implanted materials was detected in TSC 
[3]-AlCol [15, 20, 30], TSC [6}+AICol [7.5, 10, 15, 20, 30], 
TSC [10]-AlCol [7.5], and Matrigel™ (Fig. 2). All param- 
eters of neovascular development showed that values in 
TSC [3]-AlCol [15], TSC [6]-AlCol [7.5, 10, 15] and TSC 
[10]-AlCol [7.5] were significantly higher than those in 
Matrigel™ (Fig. 3). 


Combination of bFGF with the TSC-AlCol gel | 

Three kinds of TSC-AICol gels (TSC [3, 6, 10]-AlCol 
[15}) were treated with a sufficient volume of bFGF, and 
ELISA analysis for bFGF showed that bFGF constantly 
bound to each TSC-AICol gel. The amount of bFGF 
bound to TSC [3]-AlCol [15] was significantly greater 
than that bound to TSC [6]-AlCol [15] and TSC [10]- 
AJCol [15], while there was no difference between the 
values of TSC [6]-AlCol [15] and TSC [10]-AlCol [15] 


(Fig. 4). 


Vascular development after implantation of bFGF- 
treated TSC-AlCol gels 

The combination of bFGF significantly increased ves- 
sel density and length in TSC [3]-AlCol [15], TSC [6]- 
AlCol [7.5, 10] and TSC [10]-AlCol [7.5], as compared 
with those in untreated gels (Fig. 3A and 3B). Further, 
the vessel joints and path showed significantly higher 
values in bFGF-treated gels than in untreated plain gels 
(Fig. 3C and 3D). 


DISCUSSION 
A scaffold structure is essential for induction of neo- 


vascular growth into regenerative tissues, since neovascu- 
lature requires surrounding supportive tissues to maintain 
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Fig. 2 Photomicrographs of excised implants at 7 days after implantation into the rat 





subfascial space. Presented micrographs are from implants of Matrigel (A, E), 
TSC [10]-AlCol [10] (B, F). TSC [6]-AlCol [10] (C, G) and bFGF-combined 
TSC [6]-AlCol [10] (D, H). Sections were stained with hematoxylin & eosin 
(A, B, C, D), and also stained for lectin to detect vessels (E, F, G, H). There 
was no tissue growth into TSC [10]-AICol [10] implants (B, F), whereas gran- 


E F 


ulation and vessel growth (arrow) were noted in other implants. Bar: 50 um 
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Fig. 3 Quantitative analysis of lectin staining. Vessel density, vessel length, vessel joints and vessel path in the part 
analyzed were measured. Values are shown as mean t SD (n = 6). P < 0.05 vs Matrigel, “P < 0.01 vs Matri- 
gel, #P < 0.05 non-treated gel vs bFGF-combined gel, ##P < 0.01 non-treated gel vs bFGF-combined gel. 


its luminal structure and biological performance.” In the 
present study, we developed a novel gel material that 
could function as a scaffold for neovascular growth. 
Many prototypes of hydrogel material were made by 
incorporating several concentrations of TSC and AlCol, 
and implanted into the subfascial space of the rat rectus 
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muscle. Although some prototypes induced no growth of 
vasculature, gels with appropriate concentrations of TSC 
and AlCol markedly promoted neovascular formation in > 
the gels at 7 days after implantation, which surpassed the 
angiogenic ability of Matrigel'™. 

There are some possible reasons why TSC-AICol gels 
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TSC[10]-AlCol[15] TSC|6]-AlCol]15] TSC]3]-AlCol] 15] 
Fig. 4 Capacity of bFGF combination with TSC [10]-AlCol [15], 
TSC [6]-AlCol [15] and TSC [3]-AlCol [15] gel discs (6 
mm diameter, | mm thick). An excess amount of bEGF 


was added to each gel, and 3 hours later, combined 
bFGF was measured. Values are shown as mean + SD (n 
= 4). P< 0.05, NS: not significant. 


induced favorable growth of vascularized tissue into the 
material. One crucial reason might be that the TSC- 
AICol gel provided a suitable matrix microstructure as a 
platform for vessel formation. In vivo, vessels are natu- 
rally included in ECM, and ECM possesses the character 
of a hydrogel. Thus, it is not surprising that artificial 
hydrogel also reproduces a microstructure that mimics 
natural ECM.”’ Indeed, Zisch et al. synthesized an artifi- 
cial hydrogel material based on polyethylene glycol 
(PEG) and synthetic peptides, and showed that vascular- 
ized tissue grew into the hydrogel material after implan- 
tation into the rat subcutis.'” To realize such ECM-mim- 
icking properties, however, the polymer network of the 
artificial hydrogel must have an adequate density. If the 
network of the polymer structure is too dense, vascular 
growth into the hydrogel could be physically blocked, 
and if the interstitial distance of the network is too large, 
the microstructure of the hydrogel would not sustain the 
surrounding wall of the neovascu_ature as a scaffold. In 
the present study, no growth of vasculature was observed 
in some prototypes, possibly indicating that their micro- 
structure did not provide appropriate space for neovascu- 
lar formation. Further, the combiration of bFGF signifi- 
cantly promoted neovascular formation in some proto- 
types, in which vascular development was seemingly 
observed more in the hydrogel containing less AlCol. It 
possibly indicates that too dense TSC and AlCol would 
interfere with vascularization especially in the bFGF 
treated hydrogels because once bFGF was impregnated 
larger quantity of vascular development occurred and 
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newly formed vessels themselves occupy certain extents 
of the space. 

It is also important that the structure of the hydrogel 
contains cell adhesive sites to function as a scaffold for 
vascularized tissue. In vivo, ECM supports the vascular 
wall by anchoring vascular wall cells to matrix mole- 
cules. Attachment between vascular cells and surround- 
ing ECM molecules is critical to establish the luminal 
structure of vessels and regulation of vessel growth.” In 
the mechanism of cell-ECM attachment, integrins play 
an important role as cell surface receptors. ® Integrins are 
obligate heterodimers consisting of œ and B subunits. In 
mammals, 19 œ and 8 B subunits have been character- 
ized, and more than 20 types of integrins with different 
combinations of œ and B subunits have been identified.” 
Each integrin respectively binds with unique ECM com- 
ponents. As a matter of course, endothelial and other 
vascular cells also express several kinds of integrins on 
their cell membrane,” and some of these integrins can 
directly bind with collagen.” However, the predominant 
integrin-ligand in cell-ECM attachment is fibronectin, a 
high-molecular-weight glycoprotein.” Especially, 
fibronection is known to be a potent ligand of oB; and 
o,h;, Which are critical integrins in neovascularization 
and granulation formation.™” Fibronection is abundantly 
contained in blood plasma in its soluble form, and it is 
also able to potently associate with collagen molecules.” 
Therefore, in the in vivo condition, which is fibronectin- 
rich, integrins on the cell surface possibly bind with col- 
lagen molecules through the intermediary of sufficient 
fibronectin. These properties of collagen molecules sug- 
gest that TSC-AICol gels possess adequate cell adhesive 
sites in their structure to function as a scaffold. 

Another possible reason explaining the vasculariza- 
tion ability of the TSC-AICol gel might be that the 
appropriate part of the gel was degraded according to 
neovascular growth into its inside. In this regard, it is 
critical that gel degradation should occur only in the 
direction of neovascular growth, and the other part of 
the gel structure must be preserved as a scaffold for 
newly formed vessels. For elongation and enlargement of 
vessels in vivo, vascular wall cells and infiltrating cells 
in ECM generally release a variety of proteases, such as 
matrix metalloproteinases (MMPs) and plasminogen 
activators (PAs), and promote the degradation of a sur- 
rounding ECM to ensure space for vessel growth.** *’ 
Therefore, the scaffold material for ingrowth of vascu- 
larized tissue must contain protease-cleavable sites and 
concomitantly possess stability against variable local 


201 


Nagayoshi M, et al, 


Situations except angiogenic proteases. Collagen mole- 
cules contain abundant MMPs-cleavable sites,” indicat- 
ing that collagen is a potential material for induction of 
neovascularization. Indeed, a previous in vitro study 
showed that tube formation of endothelial cells was 
accelerated under culture in a gelated emulsion of cella- 
gen.” This evidence demonstrated that gelated collagen 
was successfully remodeled in vitro according to neovas- 
cularization, and also functioned as a scaffold for newly 
formed vessels. However, since collagen molecules are 
merely entangled in the emulsion form, a gelated emul- 
sion of collagen might be dissolved by adding excessive 
fluid. If such a collagen material is implanted under 
physiological conditions in vivo, exudates accumulated 
around the implant consequentially dilute the collagen 
and then cause disintegration of its structure as a scaf- 
fold. Therefore, it is necessary to cross-link collagen mol- 
ecules to stabilize the gel structure. Since the TSC-AICol 
gel is a chemical gel in which collagen molecules are 
cross-linked by a citric acid derivative, TSC-AICol gel 
enabled maintenance of a scaffold structure for vascular 
tissue, while only the gel part in the direction of vessel 
growth was digested by released proteases. 

Further, the citric acid-based crosslinker, TSC also 
functions as a reservoir of bFGF. In general, angiogenic 
humoral factors play important roles in the induction of 
neovascularization, and previous studies have demon- 
strated several growth factors and cytokines to be angio- 
genic factors.” Each angiogenic factor possesses specific 
functions that contribute to neovascularization, and 
appropriate combinations of these functions promote 
appropriate vessel formation according to situational] 
demand. Indeed, there are three processes in the forma- 
tion of new vessels; vasculogenesis, angiogenesis and 
arteriogenesis, and these processes are generally induced 
by distinctive combinations of angiogenic factors.” Vas- 
culogenesis in the adult represents a process by which 
endothelial progenitor cells differentiate and replicate to 
form a primitive network of vasculature, and angiogene- 
sis is the process of endothelial migration and replication 
resulting in the formation of a capillary network. In con- 
trast, arteriogenesis refers to the maturation and enlarge- 
ment processes of preexisting small vessels, which 
increases the conducting ability of the blood vessels. The 
proposed function of the TSC-AICol gel is to promote 
neovascular ingrowth from the surrounding host vascula- 
ture, followed by construction of a mature network of 
blood perfusion in the area of existing gel. It is, therefore, 
desirable that the TSC-AICol gel enables induction of the 


process of arteriogenesis in addition to angiogenesis and/ 
or vasculogenesis. Since bFGF is known to induce angio- 
genesis and arteriogenesis,” ~ it is an ideal angiogenic 
factor for increasing the effect of vascular development 
in the TSC-AICol gel. Further, it might be important that 
bFGF associated with the TSC-AICol gel. When bFGF 
solution is added to the TSC-AICol gel, bFGF molecules 
might permeate through the matrix structure of the TSC- 
AICol gel and then bind to the TSC part with ionic 
bonds, because bFGF is positively charged and TSC is 
negatively charged.’ Therefore, there is a reserve of 
bFGF inside the TSC-AICol gel, which stimulates the 
vessels that have grown into the gel, accelerating vascular 
development inside the gel. The present study indeed 
revealed that combination with bFGF significantly 
increased vascular formation in the TSC-AICol gel. Fur- 
ther, measurement of bFGF level also showed that the 
concentration of combined bFGF in the TSC-AICol gel 
was reasonable for proliferation of ordinary cells, though 
it might be necessary to clarify the relation between TSC 
concentration and combined bFGF level.” If the TSC- 
AICol gel is unable to bind with bFGF, bFGF in the gel 
might spread to the outside after implantation, and neo- 
vascularization might be induced only around the gel. 

In summary, we created novel hydrogel materials by 
incorporating several concentrations of TSC and AICol, 
and an in vivo study using a rat model showed that some 
of these materials had induced marked growth of vascu- 
lature-rich tissue into the inside of the materials at 7 days 
after implantation. Further, the ability of vascular 
ingrowth was significantly enhanced by combining 
bFGF with the materials. These findings suggest that the 
hydrogel materials functioned as a favorable scaffold for 
neovascular formation and also as a reservoir for con- 
trolled delivery of bFGF 
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Preoperative Non-ambuiatory Status Predicts Poor Outcome 
after Below Knee Bypass Surgery 
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Objective: To identify the outcome of below. knee bypass that focuses on the functional status and to inves- 
tigate whether preoperative functional status can predict these outcomes. 

Materials and Methods: One hundred anc fifty one limbs in one hundred and thirty two patients that 
underwent below knee bypass between 204 and 2008 were retrospectively reviewed. The patients were 
grouped as “ambulatory,” “non-ambulatory transfer” and “non-ambulatory bedridden,” according to 
their functional status. Clinical success was defined as the achievement of all of following end points; graft 
patency to wound healing, limb salvage for 1 year or until death, maintenance of ambulatory status for 1 
year, and survival for 6 months. The effect of preoperative ambulatory status was analyzed. 

| Results: The overall primary and secondary graft patency, limb salvage and survival at 1 vear were 76.3%, 
| 81.8%, 89.1% and 84.1%, respectively. The everall success rate was 62.0%. Clinical success rates for the 
| ambulatory and non-ambulatory groups were 75.6% and 34.9% (P = 0.0009, OR: 4.4; 95% CI: 1.8-10.6). 

| Conclusions: Bypass surgery is justified for maintaining the independent status of ambulatory patients. On 
the other hand, the high likelihood of poor outcomes for non-ambulatory patients must be considered 
before performing bypass surgery. 


Key words: below knee bypass, ambulatory status, clinical success rate, risk factors 


INTRODUCTION Cardiovascular disease in patients with critical limb 


ischemia imposes obvious limitations on life expectancy. 


D: to an upward trend in the prevalence of risk fac- 
tors for atherosclerosis, especially diabetes,” the 
prevalence of peripheral arterial disease (PAD) is esi- 
mated to be increasing in Japan over the last decade. This 
has led to an increase in the number of patients undergo- 
ing bypass surgery and radiological intervention. Despite 
these therapies, the main outcomes, such as patency and 
limb salvage, remain as described by Rutherford in 19977 
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Thus, preserving functional status and minimizing com- 
plications after intervention for peripheral arterial occlu- 
sive disease are equally important to limb salvage and 
graft patency. 

in this study, we examined the results of below-knee 
bypass based on various factors including ambulatory 
status and survival. And because we have focused on 
ambulatory status as one of the main outcome, this study 
also investigated whether preoperative ambulatory status 
affects the outcome of bypass surgery. 


MATERIALS AND METHODS 


This study proceeded following the guidelines of the 
research ethics committee of our institution between Jan- 
uary 2004 and December 2008. We obtained written, 
informed consent from patients with limb ischemia to 
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perform below-knee bypasses. As a basic rule, we per- 
formed bypass surgery on all patients visiting our hospi- 
tal with ischemic symptoms due to peripheral arterial 
disease. If bypass surgeries were possible to perform, we 
would offer bypass surgeries regardless of the patients’ 
mental status. We did not perform bypass surgery on 
patients who were regarded to be unable to tolerate the 
operation due to their medical comorbidities, had no 
recipient artery to perform a bypass, had infection or 
gangrene invading the site of anastomosis, had no vein 
usable as a graft, or refused to undergo the operation. 
Due to our policy, we did not perform any endovascular 
interventions on infrainguinal lestons. 

The recorded preoperative characteristics were age, 
sex, hypertension, diabetes, renal failure, smoking status, 
serum albumin values, ejection fraction measured by 
transthoracic echocardiography as means of heart failure, 
sites of distal anastomosis and ambulatory status at 1 
month before the onset of their ischemic symptoms. 
Patients were regarded as ambulatory if they could walk 
with or without a cane. As reported by Taylor, non-ambu- 
latory patients were further classified as “non-ambula- 
tory-transfer” if they could move into a wheelchair unas- 
sisted and the remaining patients were regarded as “non- 
ambulatory-bedridden’” For patients undergoing surger- 
ies for bilateral limbs, data regarding the first surgery 
was used. When the surgery was performed simultane- 
ously for both limbs, the more critical limb was analyzed. 

A vein graft (reversed, non-reversed transposed or in- 
situ) was applied in all surgeries under total limb isch- 
emia accomplished with a pneumatic tourniquet (non- 
dissection method).*~ Postoperative computed tomogra- 
phy (CT) or angiography was performed 1~2 weeks after 
surgery, and a second operation was performed when 
necessary. The patients were asked to attend the hospital 
at l- to 2-month intervals after discharge so that the sta- 
tus of the operated limb could be recorded. The patency 
of the graft was assessed by pulsation and Duplex sonog- 
raphy. 

The results of the bypass surgery were analyzed using 
traditional graft patency, limb salvage, survival rate and 
the factors introduced by Taylor.” A successful outcome 
was defined as the achievement of all of the following 
end points; graft patency to wound healing, limb salvage 
for 1 year or until death, maintenance of ambulatory sta- 
tus for 1 year and survival for 6 months. Transmetatarsal 
and toe amputations were regarded as limb salvage. 
Therefore, patients that were nonambulatory transfer 
preoperatively but nonambulatory bedridden postopera- 
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tively were regarded as a failure. Limb salvage was 
defined as the absence of lower limb shortening. 
All data were analyzed using JMP 5.0 software (SAS 


“Institute Inc.), and a P value of < 0.05 was considered sig- 


nificant in each analysis. 


RESULTS 


Between January 2004 and December 2008, two hun- 
dred and two patients visited our hospital for critical limb 
ischemia. Below knee bypass was performed on 151 
limbs in 132 patients, primary amputation was performed 
in 13 patients, and 57 patients were regarded as non-oper- 
able. As a result, the bypass surgery was performed in 
65.3% of patients. Nineteen patients required bypass sur- 
gery for the contralateral limb simultaneously or later. 

Of 132 patients, 85 (64.4%) were ambulatory, and 47 
(35.6%) were non-ambulatory. Table 1 shows the baseline 
characteristics of the 132 patients. As in Table 1, all 
patients were operated for symptoms of critical limb 
ischemia, but 20 of the 85 ambulatory patients were 
severe claudicants one month before the operation. These 
claudicants had at least rest pain by the time of operation, 
which may seem a rapid change in ischemic condition. 
This was probably possible because we were able to per- 
form most of the operation, especially patients whose 
symptoms changed rapidly, within one to two weeks 
after the first visit. The median follow up period was 14.5 
months. The overall rates of primary and secondary graft 
patency, limb salvage and survival at 1 year were 76.8%, 
81.1%, 89.2% and 83.8%, respectively. The overall clinical 
success rate was 62.3%. 

First, we performed univariate risk analysis on 132 
patients regarding clinical success rate. As shown in 
Table 2, statistically significant factors were; age > 80, 
non-ambulatory status and gangrenous symptoms. 
Although not significant, smoking status tended to have 
some effect on clinical success rate. We then underwent 
multivariate analysis limited to these four factors. As in 
Table 3, the only significant factor was non-ambulatory 
status (P = 0.0005, OR: 5.6; 95% CI: 2.2—15.3). 


DISCUSSION 


Due to the increasing prevalence of risk factors for 
cardiovascular disease,” it can be deduced that the preva- 
lence of PAD is increasing in Japan, as in other countries. 
Infrainguinal bypass has been established as a treatment 
for PAD over the past few decades, and although the 
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Table 1 Baseline characteristics of 132 patients 


Ae tn niman RRA pinnana ha I II PIR RIAN RN P ASA AAAA RA RA A ANNA NN tt UA INP EP A I I OY 








Age (mean + SD) 68.5 + 12.1 
Sex (Male : Female) 102 : 30 
Diabetes 86 (65.2%) | 
Hypertension 45 (34.1%) = 
End stage renal disease 45 (34.1%) 
Smoking 66 (50.0%) 
Albumin (mean + SD) 3.5+0.6 
Indication for operation Rest pain 47 (35.7%) 
Ulcer 20 (15.2%) 
Gangrene + infection 65 (49.2%) 
Ambulatory status Ambulatory 85 (64.4%) 
Non-ambulatory 47 (35.6%) 
Low cardiac function (Ejection fraction < 50%) 19 (24.6%) (n = 77) 
Distal anastomosis Below knee popliteal 30 (22.7%) 
Posterior tibial 4] GL.1%) 
Anterior tibial 15 (11.4%) 
Tibiopereneal trunk 7 (5.3%) : 
Peroneal 17 (12.9%) à 
Dersalis pedis 16 (12.1%) 
Table 2 Univariate analysis for clinical success rate (n = 132) 
Risk Factors oe ea BC ee TE aa P value 
Factor present Factor absent 
Age > 80 37.5% 66.3% 0.03 
Male 66.3% 50.0% 0.12 
Diabetes 60.0% 66.7% 0.48 
Hypertension 52.6% 67.1% 0.14 
End stage renal disease 55.0% 66.2% 0.24 
Smoking 70.7% 53.6% 0.06 
Albumin < 2.5 33.3% 63.9% 014 
Non-ambulatory 32.4% 76.6% < 0.0001 -& 
Gangrene + infection 51.7% Toa 0.02 
Low cardiac function 38.5% 45.7% 0.65 
Distal anastomosis Below knee popliteal 80.8% 0.14 
Posterior tibial 51.4% 
Anterior tibial 53.8% 
Tibiopereneal trunk 83.3% 
Peroneal 53.3% 
Dorsalis pedis 53.9% 
Plantar 83.3% 


Pan HANI A eee FEA EP FASE TIT AR RTI AE ATEENAAN NAAS RAM MLA NAA DAANA AAA MSA adi he ny ty gaff Yk yA NR RAR SN NR ip de I POY IN OPA Re IN 


Table 3 Multivariate risk factor analysis for clinical success rate 





Odds ratio (95% CI) P value 
Age > 80 2.2 (0.6-7.9) 0.23 
Smoking 1.7 (0.7—4.2) 0.23 
Non-ambulatory 5.6 (2,2-15,3} 0.0005 
Gangrene 1.3 (0.5--3.3) 0.61 
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status of endovascular treatment has increased, bypass 
surgery remains the treatment of first choice for lesions 
below the knee. 

The outcomes of lower extremity bypass surgery are 
traditionally assessed as graft patency, limb salvage and 
patient survival. Many factors including anatomical dis- 
ease extent, clinical presentation, and resource availabil- 
ity can influence these outcomes.” Despite the repeatedly 
documented ability of bypass surgery to achieve graft 
patency and limb salvage, legitimate concerns persist 
regarding the appropriate roles of these procedures. 

One of the main concerns about bypass surgery is lim- 
ited life expectancy, especially for patients with critical 
limb ischemia.” Given the evident limitations on life 
expectancy imposed by critical limb ischemia,” preserv- 
ing functional status and minimizing complications after 
intervention for PAD are of equal importance to limb 
salvage and graft patency. Therefore, in addition to the 
traditional factors recommended by Rutherford,” we 
used Taylor’s clinical success rate that included ambula- 
tory status as a functional factor.” Using these tools, we 
showed that the outcome after 1 year is worse in func- 
tionally dependent patients. The clinical success rate was 
considerably poorer in the non-ambulatory than ambula- 
tory patients (32.4% vs. 76.6%). We are convinced that 
this is not due to technical problems because our overall 
success rate of 62.2% was comparable with that reported 
by Taylor (44.4%).> 

We were quite surprised that end-stage renal disease 
(ESRD) did not turn out to be a risk factor in our study. 
Due to the limited number of patients especially those 
with ESRD, this study can only say that the preoperative 
ambulatory status is more powerful risk factor compared 
with ESRD. 

These findings indicate that ambulatory status is not 
only an outcome measure in bypass surgery, but also a 
preoperative risk factor that closely correlates with suc- 
cess rates. Crawford has also shown that preoperative 
functional status can predict perioperative outcomes (30- 
day morbidity and mortality) after infrainguinal bypass.” 

Abou-Zamzam has reported that 99% of survivors 
who lived independently before surgery continued to do 
so after surgery, whereas only 4% of survivors who did 
not live independently before the surgery achieved inde- 
pendence thereafter.” Their study also concluded that 
preoperative non-ambulatory status and renal insuffi- 
ciency or failure were independent predictors of death 
within 6 months. This report, together with our findings 
of better life expectancy for ambulatory patients (88.0% 
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Poor Bypass Results for Non-ambulatory Patients 


at 1 year) justifies performing bypass surgery on ambula- 
tory patients to maintain their independence and ambula- 
tory status. 

On the other hand, these results also indicate a need 
for awareness of the poor outcomes of bypass surgery for 
non-ambulatory patients; however, this does not mean 
that primary amputation should be the first consideration 
for such patients. The potential effects of these strategies 
should be carefully compared before reaching a conclu- 
sion. 

For example, the length of hospital stay and cost effec- 
tiveness should be considered. Chung found that wounds 
had not healed after 1 year in 25% of patients who had 
undergone infrainguinal bypass to treat critical limb 
ischemia. ® These patients might remain in hospital lon- 
ger and thus miss the opportunity to be fitted with an 
appropriate prosthesis. 

Primary amputation is by no means a safe remedy. 
Although not a randomized control trial, Sottiurai found 
that 30-day mortality rates of patients after femorodistal 
revascularization, below-knee amputations and above- 
knee (primary) amputations were 2.1%, 6.3% and 13.3%, 
respectively.” 

Lastly, primary amputation does not improve the out- 
comes of non-ambulatory patients. Taylor identified non- 
ambulatory status as a preoperative risk factor for an 
unsuccessful outcome after major lower limb amputa- 
tion.” 


CONCLUSION 


Due to relatively high success and survival rates, 
bypass surgery is justified for maintaining the indepen- 
dent status of ambulatory patients. On the other hand, for 
the non- ambulatory patients, in addition to the low prob- 
ability of regaining ambulatory status, the high likeli- 
hood of poor general outcomes must be considered. Fur- 
ther studies should compare bypass surgery and primary 
amputation to determine a better strategy for treating 
PAD. 
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Indicators of Survival after Open Repair of Ruptured 
Abdominal Aortic Aneurysms and an Index for Predicting 
Aneurysmal Rupture Potential 
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Yoshinori Ohtsu, MD, PhD, Kazunori Komatsu. MD, Megumi Fuke, MD, Tamaki Takano, MD. PhD, and 


Jun Amano, MD, PhD 


Background: The aims of this study were to assess variables associated with survival in patients undergo- 


ing ruptured abdominal aortic aneurysm (RAAA) 


mal diameter to predict rupture potential. 


repair and to develop an index other than the aneurys- 


Methods: This study included 43 consecutive patients who underwent open surgery for RAAAs. 

Results: The mortality rate was 18.6% (3/43). The ratio between the maximum aneurysmal diameter and 
the length (along the central axis) from the aneurysmal neck to the point at which the diameter was three- 
fourth of the maximum aneurysmal diameter was used as an index to predict aneurysmal rupture poten- 
tial. The index score was 2.7 + 1.2 in the RAAA and 19 + 0.9 in the EAAA (p = 0.018). For aneurysms of 
< 6-cm diameter, the index score was 3.0 + 1.0 in the RAAA and 1.8 + 0.9 in the EAAA (p = 0.03). All 
patients in the EAAA except one had an index score of < 2.3 and 6 of the 7 patients with RAAA had a 


score of > 3. 


Conclusions: The results suggest that patients with AAA having scores of > 3 are at high risk of rupture. 
This index would be useful for decision making regarding repair of AAA, especially in the borderline 


Cases. 


Key words: ruptured abdominal aortic aneurysm, emergency open repair: novel index score of rupture potential 


INTRODUCTION 


espite the increased number of cases of elective ab- 
dominal aortic aneurysm (EAAA) repair, the num- 
ber of patients with ruptured AAA (RAAA) has not sig- 
nificantly reduced in the past decade.” Further, although 
the mortality rate following EAAA repair has steadily 
improved by about 1%-6%.” the mortality rate after 
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RAAA repair has not significantly changed in the last 
three decades and is still in the 30%-70% range.” Many 
factors, including age, comorbidity, medical condition, 
preoperative shock or hypotension, increased creatinine 
level, low hemoglobin or hematocrit level, and technical 
and postoperative complications, are considered predic- 
tors of death, but none of these correctly predict the out- 
come of patients with RAAA*? 

The maximum transverse aneurysmal diameter has 
been the only criterion used to predict aneurysmal rup- 
ture potential in the last 40 years.” According to this cri- 
terion, aneurysms reaching 5-5.5 cm in diameter are 
generally recommended for repair.” However, there are 
many reports of rupture of aneurysms smaller than 5.5 
cm in diameter; the estimated rupture rate of small aneu- 
rysms varies between 4.6% and 23%." On the other hand, 


the incidental presentation of extremely large asymptom- 


209 


Takahashi K. et al. 


atic aneurysms demonstrates the potential for indolent 
rupture-free growth of some large aneurysms. Aneu- 
rysms of similar size are likely to have disparate growth 
rates: therefore, measurement of the maximum transverse 
aneurysmal diameter as the sole predictor of rupture 
potential is insufficient. Although this measure is the 
most reliable, another reliable clinical predictor of AAA 
rupture risk is necessary." 

Recent studies have focused on AAA volume and ves- 
sel shape and tortuosity as potentially better predictors 
of AAA rupture risk,'’*” and the estimated maximum 
wall stress has received considerable attention in this 
regard." '* 15:22) However, these criteria are not univer- 
sally applicable because the imaging capabilities for 
quantifying these characteristics are still not avaiable 
clinically. In addition, there are often cases of steep meli- 
national initiation of aneurysmal rise encountered during 
RAAA repair. In contrast, the maximum diameter crite- 
rion is widely applicable and currently used for decision- 
making purposes, importantly because the AAA size Is 
the dominant consideration in the decision to intervene in 
asymptomatic patients, Therefore, another morphologic 
predictor that is suitable for practical application and 
which supports aneurysmal diameter for the estimation 
of AAA risk is required. 

The aims of this study were to assess significant vari- 
ables associated with survival in patients undergoing 
emergent RAAA repair and develop a predictive index of 
aneurysmal rupture potential. 


METHODS 


This study included 43 consecutive patients having 
RAAA without thoracic extension who presented al 
Shinshu University Hospital between January 2004 and 
June 2009. Data were collected retrospectively from the 
hospital information system, operating theater logbooks, 
and intensive care unit records. The diagnosis of rupture 
was confirmed by reviewing the preoperative axial com- 
puted tomography (CT) findings and description of intra- 
operative visualization of blood outside the aneurysmal 
wall, in the retroperitoneum, mesentery, OF peritoneal 
cavity, for free rupture. The baseline characteristics of 
patients and intraoperative and postoperative variabies 
were documented (Table 1). There were 35 (81%) men 
and 8 (19%) women (Table 1); the overall male-to-female 
ratio for all cases of RAAA was about 4 : 1. Most patients 
in the RAAA group were aged over 65 years (mean age 


— 75.5 + 8.8 years), with the peak incidence at 75-80 


years. There were 16 (37.2%) patients over the age of 80 
years. Most patients (85%) were transferred from refer- 
ring hospitals. Thirty-four patients had abdominal aortic 
aneurysmal rupture and nine had iliac arterial aneurys- 
mal rupture. 

The major operative complications were also recorded. 
Preoperative shock was defined as systolic blood pressure 
of < 80 mmHg. Postoperative renal insufficiency was 
defined as a serum creatinine level of > 2.0 mg/dl. Oper- 
ative mortality was defined as death within 30 days of 
operation or in-hospital death if later than 30 days. Aneu- 
rysmal morphology, site, and type of rupture (open or 
closed), as well as intraoperative bleeding, were assessed. 
The aneurysms were classified into aortic aneurysmal 
rupture or iliac aneurysmal rupture. Further, extension of 
hematoma was grossly quantified with the Fitzgerald 
classification according to the anatomic compartments 
involved: type 1, the periaortic area; type 2, the retroperi- 
toneal space but restricted to the caudal end of the renal 
artery; type 3, the retroperitoneal space and spread 
beyond the renal artery or into the intrapelvic space; type 
4, intraperitoneal hemorrhage. The presence or absence 
of renal displacement and contrast agent extravasation 
were recorded as easily detectable indicators of hemor- 
rhagic volume. To examine the statistical difference of 
the initial rising angle of the proximal side between 
RAAA and nonruptured AAA, patients with EAAA 
repair were randomly selected and matched to patients 
with RAAA according to the maximum aneurysmal 
diameter as the control group. All RAAA repairs were 
performed by open surgical procedure by cardiovascular 
surgeons. 

To assess the initial rising angle of the proximal side 
of the aneurysm from horizontal centerline axis of the 
aorta as an index to estimate the aneurysmal expansion 
rate, the maximum transverse aneurysmal diameter (D) 
and the length along the central axis from the aneurys- 
mal neck to the point at which the diameter was three- 
fourth of the maximum transverse aneurysmal diameter 
(L) were measured, using axial view of CT scan: the 
index is represented by (3/4xD)/L (Fig. 1). To measure 
the precise diameter and length, we used only available 
25-50 mm sliced enhanced CT with DICOM data, not 
to include hematoma in its diameter or the length. 25 
patients out of 43 had these data and were available in 
this study. This is the reason, 25 patients out of 43 were 
analyzed in this study. 
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Table 1 Baseline characteristics of patients who underwent 
open repair of ruptured abdominal aortic aneurysms 





Variable Value 
Demographics 
Age (yr) T33 t88 
Female gender 18.6 (8) 
History of COPD 7.0 (3) 
History of CVA 37.2 (16) 
History of CAD 23.2 (10) 
History of DM 18.6 (8) 
History of PVD 7.0 (3) 
History of hypertension 83.7 (36) 
History of CRF 1.6 (5) 
History of hyperlipidemia 27.9 (12) 
History of hemodialysis 0.0 (0) 
Current smoking 20.9 (9) 
Preoperative characteristics 
Prior aortic reconstruction 9.3 (4) 
Distance to hospital (km) 25.3 + 24.0 
Transfer by air 11.6 (5) 
Iliac artery aneurysmal ruptur 20.9 (9) 
Free rupture 14.0 (6) 
SBP < 80 mmHg 79.1 (34) 
SBP 90.8 + 29.8 
Shock index CHR/SBP) 1.16 + 0.7 
ER-to-OP start time (min) 96 +56 
CPR 0.0 (0) 
Blood chemistry 
Mean hemoglobin level (g/dl) 9.53.5 
Mean platelet count (x 10* cells) 14.3468 
Intraoperative variables 
Proximal aortic clamp site 
Supraceliac 11.6 (5) 
Suprarenal 27.9 (12) 
Infrarenal 60.5 (26) 
Intrathoracic 0.0 (0) 
Clamp time (min) 
Supraceliac 78.5 + 58.7 (5) 
Suprarenal 84.3 + 24.8 (12) 
Infrarenal 93 + 16 (26) 
Lowest BP (mmHg) 47.9 + 17.4 
IMA reconstruction 46.5 (20) 
Postoperative variables 


Renal failure requiring hemodialysis 4.7 (2) 


Renal failure (Cr level > 2 mg/dl) 34.9 (15) 
Myocardial infarction 0.0 (0) 
Tracheostomy 4,7 (2) 
Stroke 2.3 (1) 
Intestinal ischemia 0.0 (0) 
Failure to close abdomen 11.6 (5) 


The data are the percentage (n) or the mean + standard de- 


viation of 43 patients. 

“The values in parentheses are the number of cases. 

COPD, chronic obstructive pulmonary disease; CVA, cere- 
brovascular accident; CAD, coronary artery disease; DM, 
diabetes mellitus; PVD, peripheral vascular disease; CRF, 
chronic renal failure; SBP, systolic blood pressure; HR, 
heart rate; ER, emergency room; OP, operation; CPR, car- 
diopulmonary resuscitation; IMA, inferior mesenteric artery 


Annals of Vascular Diseases Vol. 4, No. 3 (2011) 
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novel index= 3/4xD 
L 


Fig. 1 Schematic of a representative abdominal aortic aneu- 
rysm (AAA) indicating the index for predicting aneurys- 
mal rupture potential. The index is defined as (3/4xD\L, 
where D is the maximum AAA diameter (transversally) 
and L is the length (measured along the central axis) of 
the AAA from the neck to the point at which the diame- 
ter is 3/4xD. 


Statistical Analysis 

Continuous variables are summarized as the mean and 
standard deviation (SD), and categorical variables are 
summarized as the number of cases and percentage. The 
Mann-Whitney U-test, unpaired Student’s t-test, 2 x 2 
chi-square test, Fisher exact probability test, and Yates 
chi-square test were used in the univariate analysis to 
identify demographic, clinical, and postoperative factors 
associated with operative mortality and determine differ- 
ences in the index scores between RAAA and EAAA. 
All analyses were performed with SAS version 9.1 under 
the alpha level of 0.05 (SAS Institute, Inc., Cary, NC) and 
EXCEL (Microsoft Co. Ltd.). 


RESULTS 


The mean diameter of the ruptured AAA was 7.24 + 
1.4. The mode of transportation was by air in five cases 
(11.6%) and by road in 39 cases (88.4%). Six patients 
(14%) presented with free rupture. All patients com- 
plained of transient or continuous pain. Aortoenteric fis- 
tulae were noted in two patients. Nine patients presented 
with ruptured iliac aneurysms. Systolic blood pressure 
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Table 2. Correlation between [MA reconstruction and HA sacrifice 


fn ni eee one ene ened eager bpd ye tip a ata fivatderabebene 


Unilateral TTA sacrificed 

IMA reconsiruction 
Bilateral HAs sacrificed 

IMA reconstruction 
Bilateral HAs preserved 

IMA reconstruction 





5 (71.4%) 
5 

4 (80.0%) 
3] 

12 (38. 4%) 


IMA, inferior mesenteric artery; HA, internal iliac artery 


Table 3 


Variable 





Age (yr) 
Serum Cr level (mg/dl) 

Preoperative Hb level (g/dl) 
Preoperative platelet count (x 10° cells) 
Preoperative SBP (mmHg) 
Preoperative shock index (HR/SBP) 
Intraoperative lowest BP (mmHg) 
intraoperative blood loss (g) 


“Surv ivors 


Univariate anan sis of continuous variables 





Nonsurvivors p 
75. a: 76.5 0.481 
1.41 1.19 0.343 

9,6 9.0 0.41 

15.5 9.3 0.0089 

94.3 76.4 0.064 
1.1 1.5 0.013 
50.8 36.3 0.018 
3940) 11050 0035 


Cr, creatinine; Hb, hemoglobin; SBP, systolic blood pressure; HR, heart rate 


of < 80 mmHg (preoperative shock status) was registered 
in 34 cases (79%). Most surgeries were started within 96 
+ 58 min from hospital arrival, especially, in the five 
cases of severe shock (systolic blood pressure < 60 
mmHg), the operation was begun more quickly (62.6 + 
23 min). A midline transperitoneal approach was used in 
all patients. Proximal aorta clamping was achieved pri- 
marily at the infrarenal site in 26 patients (60.5%). In the 
case of 17 other patients (39.5%) with critical hypotension 
or difficult identification of the infrarenal aortic neck, 
the initial aortic clamp was placed above the renal arter- 
ies, mostly at the supraceliac aorta (5 cases, 11.6%). A 
supra celiac clamp was temporarily placed before the 
infrarenal control. Thoracotomy and descending aortic 
clamping were not performed to shorten the duration of 
supraceliac clamping. 

The inferior mesenteric artery (IMA) was recon- 
structed in five of seven patients whose unilateral inter- 
nal iliac arteries (IAs) were sacrificed (Table 2). The 
IMA was reconstructed in four of five cases whose bilat- 
eral IAs were sacrificed. Further, the IMA was recon- 
structed in 12 of 31 patients whose bilateral IAs were 
preserved. The mean operative time was 282 + 84 min. 


The overall in-hospital mortality rate was 18.6% (8/43). 
The intraoperative mortality rate was 7.0% (3/43), and 
deaths mainly resulted from continued hemorrhage and 
irreversible shock in these cases. 

The preoperative variables associated with death after 
RAAA repair are listed in Table 3 and Table 4. Of the 
continuous variables, the preoperative platelet count, pre- 
operative shock index, intraoperative blood loss, and 
intraoperative lowest systolic blood pressure were signifi- 
cantly associated with perioperative death. Further, of the 
categorical variables, the rupture type (free or closed), 
extension of hematoma (Fitzgerald classification), preop- 
erative general condition (American Society of Anesthe- 
siologists classification), and extravasation of contrast 
agent during CT scan were significantly associated with 
perioperative death. 

The most common postoperative complications among 
the 40 patients who survived at least one day after surgery 
were respiratory failure requiring mechanical support 
over 72 h (7 patients, 17.5%), pneumonia (5 patients, 12%), 
and renal failure requiring dialysis (3 patients, 7%). Three 
patients died because of multiple organ failure within 15 
postoperative days. One patient made satisfactory 
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Table 4 Univariate analysis of categoric variables 








Variable Survivors Nonsurvivors p 

Open rupture 2 4 
Closed rupture 33 4 0.009 
Fitzgerald classification 

Class 1 Z 0 

Class 2 7 0 

Class 3 21 2 

Class 4 1 3 0.048 
ASA classification 

Class 1 0 0 

Class 2 0 0 

Class 3 0 0 

Class 4 31 2 

Class 5 4 6 0.001 
Extravasation of contrast agent in CT scan 4 2 

No extravasation 18 0 0.015 
Renal dislocation in CT scan 17 3 

No renal dislocation 12 2 1.0 
Preoperative catecholamine use 5 3 

No catecholamine 27 4 0.137 
Preoperative shock status 24 8 

No shock 9 0 0.16 
Supraceliac clamp 3 2 
Suprarenal clamp 8 4 
Infrarenal clamp 24 2 0.312 
No IA sacrificed 23 6 
Unilateral HA sacrificed 5 2 
Bilateral IAs sacrificed 5 0 0.856 
AAA rupture 24 8 
Iliac artery aneurysmal rupture 9 0 0.164 


ASA, American Society of Anesthesiolcgists; ILA, internal iliac artery, AAA, abdominal aortic aneurysm 


progress after the operation but developed graft infection 
and underwent graft excursion and anti-anatomical 
reconstruction 2 months after the operation; he died of 
rupture of a thoracoabdominal aortic aneurysm. Three 
patients underwent a second laparotomy for intestinal 
ischemia, but there were no cases of severe intestinal 
ischemia requiring bowel resection. No patient developed 
postoperative spinal palsy. 

The novel index score was 2.7 + 1.2 in the RAAA 
cases and 1.9 + 0.9 in the EAAA cases (Fig. 2). Espe- 
cially, for aneurysms of < 6-cm diameter, the index score 
was 3.0 + 1.0 in the RAAA cases and 1.8 + 0.9 in the 
EAAA cases (Fig. 3). There were significant differences 
between the groups irrespective of the aneurysmal diam- 
eter. All patients with RAAA except one had index 
scores of > 3.0, and all patients in the EAAA group 
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except one had scores of < 2.3. There was no significant 
difference between the groups in terms of aneurysmal 
diameter (Fig. 4). 


DISCUSSION 


The mortality rate of ruptured aneurysms is remark- 
ably high. With the exception of a few series,” it has 
been reported as ranging from 30% to > 70%.” If patients 
who died at home or during transport to a hospital are 
included, the mortality rate approaches 90%.” ?® This 
excessively high operative mortality rate can be explained 
by the facts that patient selection is usually impossible, 
and the majority have already suffered the consequences 
of hypovolemic shock at admission. Johansen et al.” dem- 
onstrated a mortality rate of 70% in 186 patients with 
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Fig. 2. Comparison of the index scores of the ruptured abdem1- 
nal aortic aneurysm (RAAA) and elective abdom mal 
aortic aneurysm (EAAA) groups. The index score was 
2.7 + 1.2 inthe RAAA cases and 1.9 + 0.9 in the EAAA 
cases. There were significant differences between the 
groups (p = 0.018). 


RAAA treated at a single hospital; this survival rate was 
measured despite specialized prehospital management 
and transport, short emergency department diagnostic 
evaluation, aneurysmal repair by an operating vascular 
surgery team, and sophisticated postoperative care. 
Considering the high mortality rate combined with the 
associated high hospital costs, Hardmann et al.”” sug- 
gested that certain preoperative variables (preoperative 
cardiac arrest, age > 80 years, male gender, persistent 
preoperative hypotension despite aggressive crystalloid 
and blood replacement, admission hematocrit < 25, trans- 
fusion requirements exceeding 15 units) should be used 
to identify patients most likely to die, and would, there- 
fore, be best treated without surgery. This approach may 
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Fig.3 Comparison of the index scores of the ruptured abdomi- 
nal aortic aneurysm (RAAA) and elective abdominal 
aortic aneurysm (EAAA) groups for aneurysms of 
< 6-cm diameter. The index score was 3.0 + 1.0 in the 
RAAA cases and 1.8 + 0.9 in the EAAA cases. There 
were significant differences in this series (p = 0.03). 


have some justification in this age of cost-effective ther- 
apy, but it also has significant ethical and legal implica- 
tions. In the present study, there were no patients requir- 
ing cardiopulmonary resuscitation because the emer- 
gency staff administered the appropriate critical and 
intensive care, and anesthesiologists and the operating 
room staff coordinated to start the operation quickly. 
These factors were considered to be the reason for the 
good survival rate. Further, comparison of the mean age 
between survivors and nonsurvivors did not yield a statis- 
tically significant difference; surgical repair of RAAA 
was performed in all patients regardless of age. However, 
the number of preoperative deaths in the same area could 
not be confirmed. Aortic clamping under thoracotomy is 
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Fig. 4 Comparison of aneurysmal diameters in ruptured ab- 
dominal aortic aneurysm (RAAA) and elective abdomi- 
nal aortic aneurysm (EAAA) groups. The diameter was 
5.3 + 05 in the RAAA cases and 5.4 + 0.6 in the EAAA 
cases, There were no significant differences between the 


groups. 


considered to be necessary especially in case of severe 
shock. However, supraceliac clamp under thoracotomy 


-~ Causes severe operative complications, intestinal isch- 


emia, and paraplegia. Therefore, in this study, the 
supraceliac clamping time was maintained as short as 
possible, without thoracotomy. 

Johansen et al.” suggested that the decision to deny 
operative treatment to a patient with RAAA should be 
made while considering each patient individually and can 
be justified only in those cases with poor quality of life 
due to a precarious general medical status or mental con- 
dition. Rather than using predictive variables to identify 
patients who will not survive, several studies, including 
this study, have been conducted to determine the surgical 
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tactics and anesthesiological procedures that can improve 
the survival rate and identify patients in whom preopera- 
tive conditions and other clinical factors make conven- 
tional surgical repair inopportune. Although several 
authors noted higher mortality rates among elderly 
patients,” >” advanced age was not found to be a sig- 
nificant predictor of survival in this study. Once elderly 
patients have survived the operation, they can enjoy a 
long life expectancy, similar to their contemporaries in 
the general population.” ” Thus, it is reasonable to con- 
sider that physiologic age is more relevant than chrono- 
logical age even if older patients are exposed to increased 
surgical risk in the case of aneurysmal rupture. Of the 43 
patients who underwent open RAAA repair in this study, 
35 (81.4%) survived surgery. The fact that 16 of the 43 
patients (37.2%) were older than 80 years justifies our 
opinion regarding age. Age may be considered an indi- 
rect marker of physiologic status. 

In this study, eight significant risk factors were identi- 
fied in the univariate analysis. Of the continuous vari- 
ables, preoperative shock index, preoperative platelet 
count, intraoperative lowest systolic blood pressure, and 
intraoperative blood loss were predictive of perioperative 
death. The change in these variables was affected by the 
amount of bleeding. Of all the categorical variables, rup- 
ture type (free or closed), extension of hematoma, preop- 
erative general condition, and extravasation of contrast 
agent during CT scan were significantly associated with 
perioperative death. The presence or absence of contrast 
agent extravasation is an easily detectable indicator of 
hemorrhagic volume. The significant categorical vari- 
ables except the preoperative general condition also 
reflect the amount of bleeding. 

As a general rule, the IMA was reconstructed to pre- 
vent intestinal ischemia unless IMA good pulsation was 
confirmed. With this operative policy, no severe intesti- 
nal ischemia requiring bowel resection or spinal palsy 
was observed postoperatively. A previous paper reported 
that about 3%-15% of patients develop intestinal isch- 
emia requiring intestinal resection as a complication of 
RAAA repair. Some patients have intestinal ischemia 
after RAAA repair in spite of IMA reconstruction. In 
this series, a second exploratory laparotomy was per- 
formed in the three IMA-reconstructed cases to examine 
intestinal ischemia. Fortunately, there was no case of 
intestinal ischemia requiring resection. In addition, 
among patients with aortoenteric fistula, one was saved, 
by surgical repair with extra-anatomical bypass, and dis- 
charged as ambulatory on postoperative day 42. Another 


215 


Takahashi K, et al. 


patient with aortoenteric fistula was operated with ana- 
tomic reconstruction, but he died on postoperative day | 
because of shock. 

In this study, we designed an easy and useful predictor 
for rupture suitable for practical, clinical use. Gianneglou 
et al.” suggested that the mean AAA curvature may be a 
better predictor of AAA rupture risk, although they 
implemented linearly elastic material properties. We 
often experience such cases which have a steep, inclina- 
tional initial rise of aneurysms in RAAA surgical repatr. 

We attempted to quantify the rising angle of proximal 
AAA, ruptured AAA, and elective repaired AAA 
(EAAA), and examined the correlation between rupture 
potential and novel quantitative rising angle novel index. 
In order to assess the rising angle of proximal aneurism 
arising from horizontal centerline axis of the aorta. we 
measured maximum transverse diameter of AAA (D) 
and the length of centerline axis from aneurismal neek to 
the maximum point of AAA using axial view of CTscan, 
because only an axial view of CT date from reference 
hospitals were available in many cases. Next, we calcu- 
lated 3/4xD and measured the length of centerline axis 
from aneurismal neck to the point of diameter of 34xD 
(L) (Fig. 1). The novel index of RAAA potential was 
defined G/4xDV/L. AAA consists of a steeply sloped por- 
tion and a gently sloped portion. If only the maximum 
transverse diameter is used in this index, both gently and 
steeply sloped portion will be assessed. Therefore, to 
include only steeply sloped portion, the length to three- 
fourth of the maximum diameter was included. So it was 
considered that estimation of 3/4xD)/L might be abie to 
assess steeply sloped portion more than estimation of D/ 
L, and we could get these results in this report. We calcu- 
lated these indexes of 25 RAAA cases and 24 elective 
AAA cases (EAAA) as a control group. Diameter 
between RAAA and EAAA has no difference (Fig. 4). 
The index was 2.7 + 1.2 in RAAA cases, 1.9 + 0.9 in 
EAAA cases. Especially, in smaller AAA cases under 
6-cm diameter, the index was 3.0 + 1.0 in RAAA cases 
and 1.8 + 0.9 in EAAA cases (Figs. 2 and 3). There was a 
significant difference between the index of RAAA and 
EAAA, statistically. There was more remarkable differ- 
ence in smaller AAA cases under 6 cm (Fig. 3). In this 
figure, all RAAA cases despite one case revealed raore 
than 3 index. Additionally, all EAAA cases despite one 
revealed less than 2.3 index. These results suggest that 
the AAA cases whose novel indexes were reveale< 
over 3 may be a high risk group for rupture even if its 
diameter is under 6-cm diameter. On the other hanc, in 





as 


216 


cases whose indexes were less than 2, a traditional maxi- 
mum diameter of AAA may be a more reliable criterion 
with those aneurysms that reach 5-5.5 cm diameter, gen- 
erally recommended for repair. 

In conclusion, index scores of > 3 may be good predic- 
tors of the risk of AAA rupture and patients with these 
scores should be considered at high risk. This index 
would be useful to clinicians for decision making regard- 
ing surgical repair of AAA, especially in the case of bor- 
derline lesions (< 6-cm diameter). 
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Yorchirou Ueno, MD, 

National Hospital Organization Network Study Group in Japan for Abdominal Aortic Aneurysm 


Objective: Patients and Methods: In order to assess the early outcomes of endovascular aneurysm repair 
(EVAR) for abdominal aortic aneurysm (AAA) in the Japanese population, a total of 183 patients who had 
EVAR at eight medical centers of the National Hospital Organization were retrospectively reviewed and 
registered. The mean number of registered cases in each center was 23 + 17 (4-30 cases). Patient charac- 
teristics were male sex, 84%; mean age, 77 years; age > 80 years, 40%. 

Results: In-hospital mortality was one case (0.5%). Endoleaks were observed at the end of the procedure in 
35 patients (19%: type I: n = 4, II: n = 22, HI, n = 3, IV: n = 6). Early morbidity included delayed wound 
healing or infection (n = 7), deterioration of renal dysfunction (n = 3), stroke (n = 2), postoperative bleeding 
(n = 2), gastrointestinal complications (n = 2), and peripheral thromboembolism (n = 2). Eleven late deaths 
included one of unknown cause and six cardiovascular causes at a mean follow up of 1.0 year. Survival 
rates of freedom from all causes of death and from aneurysm-related death at one year were 95.4% + 1.7% 


and 99.5% + 0.5%, respectively. 


INTRODUCTION 


| rom 2004 to 2006, approximately seven to eight thou- 
sand cases of infra-renal abdominal aortic aneurysm 
(AAA) had been repaired annually in Japan.” The results 
of open abdominal repair in a nationwide survey by the 
Japanese Society for Vascular Surgery showed excellent 
Received: December 13, 2010; Accepted: April 20, 2011 
Affiliations of participants in National Hospital Organization Net- 
work Study Group in Japan for Abdominal Aortic Aneurysm are 
listed in Appendix. 
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diovascular Surgery, Nagara Medical Center, 1300-7, Nagara, 
Gifu, Gifu 502-8558, Japan 
Tel: +8 1-58-232-7755, Fax: +81-58-295-0077 
E-mail: handa-kegh@umin.ac.jp 


Interpretation: Although registered patients carry a variety of risks, early outcomes were satisfactory. 
| “VAR is an acceptable alternative treatment modality for treating AAA. 


| Key words: endovascular aneurysm repair, multicenter study, abdominal aortic aneurysm 


results of early mortality of 2%-3% in whole patients and 
0.6%—0.9% in unruptured cases.” Recent advances of 
endovascular aneurysm repair (EVAR) for AAA provide 
a less invasive approach for patients who are ineligible or 
carry high risks for open abdominal surgery. The advan- 
tage and the disadvantage of EVAR in comparison with 
open abdominal repair have been disputed in many arti- 
cles outside Japan.” ® Three prospective randomized tri- 
als have been reported which suggested that endovascular 
approach was superior to open abdominal repair for 
unruptured AAA in early results, and was not inferior to 
in mid term results,” It was noted, however, that their 
reported mortality rates of the open surgical arm 
ranged from 3.0% to 4.7%, and the EVAR arm ranged 
from 0.5% to 1.7%. There is criticism among Japanese 
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vascular surgeons that reported mortalities of EVAR out- 
side Japan are higher than that of open surgical cases in 
Japan. Unfortunately, the introduction of such products 
and devices into Japan for endovascular repair of AAA 
was delayed until July 2007, when they were approved by 
the Ministry of Labor and Welfare of Japan. As a result, 
early results of EVAR by a multi-center cooperative study 
have not been published in the Japanese population at the 
moment. In the present study, eight centers of National 
Hospital Organization (NHO) joined to form registration 
of AAA cases retrospectively. The present interim goal of 
the study is to report early results of EVAR in Japan by 
analyzing registered cases collected by NHO Network 
Study Group for AAA. 


METHODS 


The study was a retrospective observational study to 
review EVAR cases and to form registration at eight par- 
ticipating centers. The study was approved by the human 
rights ethical committee, and institutional review boards 
at each participating center. Progress of the study was 
assessed annually, and an extension of the study was 
approved by the central human rights ethical committee 
of NHO. All participating institutions displayed the notice 
that they joined the NHO network study of AAA in the 
center according to the ethical guidelines for epidemio- 
logical research published by the Ministry of Education, 
Culture, Sports, Science and Technology, and the Minis- 
try of Health, Labor and Welfare in Japan.” 


Patients and registration 

Eligible patients who had endovascular aneurysm 
repair for abdominal and/or iliac artery aneurysm were 
registered retrospectively. General indications for treating 
AAA are as follows: maximum external diameter > 5 cm 
or 4-5 cm with rapid enlargement, or a saccular morphol- 
ogy, which carries a high risk of rupture. Each patient 
had a preoperative examination including a multi-detector 
computed tomography (CT) examination according to the 
requirements in each participating center. The choice of 
treatment modality between EVAR and open abdominal 
repair depended upon the decision making by surgeons 
and endovascular therapists. Only endovascular systems 
approved by the Ministry and Welfare of Japan were 
included in the study. Patients who were treated with a 
homemade stent graft were excluded from the analysis. A 
total of 110 variables consisting of preoperative, intra- 
operative and postoperative variables were collected. 
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Parameters were selected, based on the 10 risk scores 
previously published for predicting risks of open abdomi- 
nal repair of AAA.” After anonymization in a linkable 
fashion, all databases at 8 centers were connected into 
one large database at Nagara Medical Center. A total of 
183 patients were registered at the end of March 2010. 


Outcome measures 

The primary outcome measure was in-hospital mortal- 
ity. Secondary outcome measures included early morbidi- 
ties, and intermediate term results. Survival rates of free- 
dom from all causes of death, from aneurysm-related 
death and other events, were calculated with Kaplan- 
Meier survival analysis. Details of treatments were 
described such as procedure time, volume of blood trans- 
fusion, and process of recovery including hours of respi- 
ratory management, intensive care unit stay (ICU stay), 
procedure failure requiring additional procedure during 
the same hospitalization, and readmission. Preoperative 
patient characteristics and intra-operative and postopera- 
tive factors are described in Table 1, including preopera- _ 
tive physiological status of American Society of Anesthe- 
siology (ASA),” and both preoperative and postoperative 
Physical Performance Indices (PPI).'” The ASA classes 
are as follows; Class 1 = normal healthy, Class 2 = mild 
systemic disease, Class 3 = severe systemic disease that is 
not incapacitating, Class 4 = incapacitating systemic dis- 
ease that is a constant threat to life. Class 5 = moribund, 
not expected to survive for 24 hours with or without sur- 
gery. PPI is defined as follows: Grade 0 = fully active and 
able to perform all predisease activities without restric- 
tion, Grade | = restricted strenuous physical activity but 
ambulatory and able to perform work of a light or seden- 
tary, Grade 2 = ambulatory and capable of only limited 
self-care but unable to perform any work activities for up 
to or more than 50% of waking hours. Grade 3 = capable 
of limited self-care and confined to bed or chair for more 
than 50% of waking hours. Grade 4 = completely dis- 
abled, unable to perform any self-care and totally con- 
fined to bed or chair. 


RESULTS 


Patient characteristics and preoperative condition 
Patient characteristics are detailed in Table 1. Patients 
who had EVAR were predominantly of the male gender 
and were old (male sex: 84%; mean age, 77 years old). 
About 40% of patients were more than or equal to 80 
years old. Distribution of AAA size was shown in Table 1 
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Table 1 Patient characteristics 
Age (mean + standard deviation), years TEES 


Age distribution 


Age > 80 year old 73 (40%) 


79 2 age > 70 84 (46%) 

69 > age = 60 24 (13%) 

59 > age 2 (1%) 
Gender (male sex) 154 (84%) 
Distribution of AAA size (mm) 51.3+9.4 


> 60 mm 
60 mm > diameter > 50 mm 


37 (20%) 
69 (38%) 
66 (366°) 
40 mm > diameter LIE (6%) 
BMI > 30 3 (2%) 
BMI 2 25 49 (27%) 
Current smoker 17 (9%) 


50 mm > diameter > 40 mm 


Ex-smoker 81 (446) 
Hypertension 152 (83%) 


Diabetes mellitus 28 (15%) 
On dialysis 4 (2%) 
Preoperative renal dysfunction (Cr 2 1.5) 
without dialysis 13(7%) 
Liver chirrohsis 3 (2%) 
65 (36%) 
32 (17%) 


Coronary artery disease 
Myocardial ischemia 


Stroke 46 (25%) 
with residual neurological deficit 12 (7%) 
without neurological deficit 34 (19%: 

NYHA class H 34 (19%) 

NYHA class HI 5 (3%) 

NYHA class IV 0 (0%) 

Previous permanent pacemaker placement 5 (3%) 

Preoperative steroid use § (3%) 


COPD on inhaled drug therapy 
FEV 1.0% < 70% 
Preoperative vital capacity (< 70% of normal) 


10 (5%) 
67 (37%) 
98 (5476) 
History of abdominal surgery 49 (27%) 
Once 37 (19%) 
Twice or more 12 (8%) 


as well. The mean diameter was 51.3 + 9.4mm. Eleven 
patients who had an AAA size less than 40mm were indi- 
cated for EVAR because of either a saccular morphology 
of aneurysm or their location, mainly in common iliac 
artery. Co-morbid conditions included coronary artery 
disease (36%), induced myocardial ischemia (17%), his- 
tory of stroke (25%), and history of abdominal surgery 
(27%). Preoperative patient condition for procedure and 
anesthesia was graded by American Society of Anesthesi- 
ology, which showed concomitant mild systemic disease 
(55%), severe systemic disease (21%) and life threatening 
condition (2%).Physical performance index as an indica- 
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tor of physical activity before surgery showed that about 
50% of folks showed limited physical activity to some 
degree and that 20% were moderately or severely dis- 
turbed as daily activity (Fig. 1). 


Details of EVAR procedure and postoperative recovery 

Devices used for EVAR were as follows: COOK 
Zenith AAA endoprosthesis 96 cases (52%), Gore Tex 
Excluder 76 case (46%), and Endologix PowerLink 
| Icases (6%). Twenty eight percent of cases were beyond 
the manufacture’s recommendation for use. Causes 
beyond manufacture’s recommendation were detailed in 
Table 2. It was noted that angulated neck and short distal 
landing zone were the two major reasons. Duration of 
procedure time was 163 + 64 minutes. Average transfu- 
sion volume of banked red blood cell was 94 + 321 ml. 
Recovery from procedure was fast and smooth. Mean 
hours of mechanical ventilation support was 0.3 + 1.3 
hours only. Mean duration from the end of the procedure 
to start meal and walking were 1.4 + 2.8 days and 1.3 + 
1.7 days respectively. 


Early results 

Early mortality and morbidity are shown in Table 3. In- 
hospital mortality was one (0.5%). Endoleaks were 
observed at the end of the procedure in 35 (19%) patients, 
(type I: n= 4, type H; n = 22, type HI: n = 3, type IV: n = 6). 
Early morbidity included delayed wound healing or infec- 
tion, the most frequently observed complication in the 
study. In addition, three patients required transient dialy- 
sis after the procedure. It was noted that two patients each 
had stroke, re-exploration for bleeding. acute ischemia of 
the limb and a gastrointestinal complication. Five patients 
(2.7%) were readmitted within 30 days after EVAR for 
various reasons. Causes for readmission included acute 
type B dissection, respiratory insufficiency due to inter- 
stitial pneumonia, infection of urinary tract and so on. 


Intermediate term results 

The mean duration of follow-up was only 1.0 + 0.7 
years. Eleven patients died at follow-up. No obvious 
aneurysm-related death was reported. However, six 
patients died due to cardiovascular causes (acute myocar- 
dial infarction, 2 cases; congestive heart failure, 2 cases; 
rupture of cerebral aneurysm, 2 cases). Two patients died 
of malignant neoplasm. One patient had interstitial pneu- 
monitis, which deteriorated and developed into respiratory 
failure, resulting in death. One patient died of an unknown 
cause. which was included as an aneurysm-related death. 
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Fig. 1 Preoperative and postoperative physical performance index (PPI) of 129 patients 


whose data of both preoperative and postoperative grades were available. 


Table 2 Causes beyond manufacture’s recommendation 














Angulated neck 13 
Short distal landing zone 13 
Short neck 10 
Access problem 7 
Circumferential thrombus 4 
Narrow terminal aorta 3 
Others J 
Table 3 Early results 

In-hospital mortality 1 (0.5%) 
Endoleak 35 (19%) 

Type I 

Type H 22 

Type III 3 

Type IV 6 
Others 2 (1.1%) 
Delayed wound healing/wound infection 7 (3.8%) 
Re-exploration for bleeding (1.1%) 
Stroke 2 (1.1%) 
Deterioration of renal function 3 (1.6%) 
Intervention of acute ischemia of limb 2 (1.1%) 
Multiple organ failure (Liver, Kidney) 1 (0.5%) 
Gastrointestinal complication 2 (1.1%) 


Others 4 (2.2%) 
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Survival freedom from all-cause death, from aneurysm- 
related death and cardiovascular death at one year were 
95.4 + 1.7 %, 99.5 + 0.5% and 96.6 + 1.5% (Fig. 2a—2c), 
respectively. Two patients had a secondary procedure 
after dismissal. One was a coil embolization for expan- 
sion of internal iliac artery. The other was an extension of 
the iliac limb for a type I endoleak. Major morbidities 
after discharge included renal failure requiring dialysis, 
aortic valve replacement for severe aortic stenosis and 
surgery for pancreatic cancer. With respect to late results 
of endoleak observed at the end of procedure, type I and 
III endoleak in 7 out of 8 patients had disappeared at 6 
months after EVAR. One patient with residual endoleak 
required the extension of iliac limb for treating type I 
endoleak. Two out of six patients who had a type IV 
endoleak had persisted at the most recent follow-up CT 
examination. About half of the patients who had a type II 
endoleak were still visualized on the CT examination so 
far and were currently under observation. 


Pre- and post-operative PPI 

PPI at both preoperative and postoperative conditions 
were available in only 129 out of 183 patients. Distribu- 
tions of grade 0—4 were shown in Fig. 1. Five out of 129 
patients showed postoperative PPI were downgraded 
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Figure 2a 
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Fig. 2 Kaplan-Meier survival analysis freedom frcmevents. 


a: Survival curve freedom from all-cause death. 


b: Survival curve freedom from cardiovascular death, 
c: Survival curve freedom from aneurysm-reiated death. 


compared with preoperative PPI. All five patients had 
peri-procedural complications, including stroke and 
delayed wound healing. Physical performance was main- 
tained in 59% of patients and was improved in 37%, 
while physical performance only in 4%of patients was 
downgraded (Fig. 1). 


DISCUSSION 


The present study showed the results of EVAR cases 
registered from eight NHO medical centers. It is clear 
that early mortality of 0.5% is good as a treatment medal- 
ity, though 40 % of patients are more than or equal to 80 
years old. Two prospective randomized trials published in 
2004 and 2005 elegantly reported the early advantages of 
EVAR over open surgical repair in unruptured AAA 
cases,” which were updated with the data of long term 
follow-up.” Although most vascular surgeons and endo- 
vascular therapists in Japan accepted the results of two 
studies, they questioned why their mortalities of open 


surgical results were relatively high. In contrast, the early 
mortality of open surgical repair surveyed by the Japa- 
nese Society for Vascular Surgery was about only 0.6%— 
0.9% in unruptured AAA.” It is our question before the 
present study was conducted if the result of EVAR in 
Japan is low enough to be equivalent to the result of open 
surgical repair in Japan. 

Most institutions of the NHO AAA study group were 
typical regional medical centers to start EVAR after it 
was authorized for health insurance reimbursement as 
well as federal approval as a treatment modality. Out of 8 
NHO medical centers in the present study, three regis- 
tered 30-50 cases, three did 10-30 cases and the other 
two did less than 10 cases. In general, the volume-out- 
come effect of the institution performing a large number 
of cases had better results compared with those perform- 
ing a small number of cases and is also applied in the 
treatment of AAA.'*’ Although they experienced a low 
to medium volume of EVAR cases, the overall results 
were excellent, which demonstrated that it is an extremely 
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safe procedure with a minimal learning curve. It also 
suggested that the introduction of the treatment modality 
into Japan has been very successful.’ The Japanese 
Committee for Stentgraft Management (JACSM) was 
established to aim at the safe and proper practice stan- 
dard for EVAR. It was reported recently that early mor- 
tality of EVAR in Japan was 0.4% in the first two years, 
analyzed by The JACSM.’” The lower operative mortal- 
ity in our study compared with the previous two prospec- 
tive randomized trials in Europe could result from the 
difference of devices used when studies were conducted. 
Three devices currently available in Japan are very 
sophisticated, reliable and well-tested ones of the third- 
generation. In our study, treatments were performed more 
recently, from 2007-2010 compared with 1999-2003 in 
EVAR-1 and DREAM trials.” The most recent ran- 
domized trial from the Veterans Affairs (VA) Coopera- 
tive study in the United States was based on data between 


2002 and 2007, which showed a 0.5% early mortality in. 


the EVAR group.” The VA study excluded patients who 
had previous abdominal surgery or urgent repair. As a 
new generation of devices becomes available, which are 
modified, early results may further improve in the future. 

With respect to preoperative risk evaluétion in the 
present study, patients who had EVAR carried a variety 
of risks associated with cardiovascular disease, respira- 
tory insufficiency, hostile abdomen and so on. As a result, 
the ASA physiological status before surgery showed that 
three fourths had at least mild systemic disease and 21% 
had severe systemic disease. In terms of the EVAR pro- 
cedure and recovery from it, it was noted that the proce- 
dure time was short and the average volume of blood 
transfusion was a small amount. Duration of ventilator 
management and terms for starting oral intake and walk- 
ing were very short as well, so that the hospital stay was 
less than 10 days on average. In addition, readmission 
within 30 days was required in only 5 cases (2.7%). Post- 
operative recovery appeared to be fast and smooth, 
though it was not compared with open surgical patients. 
With respect to the late results, mean duration of the fol- 
low-up term was only 1.0 years which is too short to elu- 
cidate a meaningful interpretation. No late re-intervention 
was reported so far except for two events: coil emboliza- 
tion in one patient and extension of leg for type I endoleak 
in another. It is, however, noted that the survival rate free- 
dom from aneurysm-related death was 99.6% at one year. 
It is essential to collect longer follow-up data and to accu- 
mulate further case registration. It is also important to 
compare EVAR with open surgical repair. Prospective 
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randomized trial is required in Japan as well for demon- 
strating any evidence of relative advantage. At this 
moment in our study group, retrospective registration of 
open surgical repair is ongoing. The choice of treatment 
modality between two may not only depend upon surgi- 
cal risk, but also upon other factors such as physical 
activity, quality of life, co-morbid conditions and cast- 
effectiveness in Japanese health insurance system. In the 
present study, PPI was used for estimating physical daily 
activity before and after surgery. Physical performance 
was maintained in 59% of patients and was improved in 
37%. It is suggested that EVAR prevent deterioration of 
physical activity, while repairing AAA. 


Limitation of the study 

The present interim report has many limitations. It is 
obvious that the report is based on the data collected ret- 
rospectively. The report is only a descriptive observation 
without any intergroup comparison. Therefore the results 
are assessed in comparison with the previously published 
article outside Japan. The follow-up term was short. A 
longer follow-up and further accumulation of registered 
cases were mandatory. 


CONCLUSION 


Although a substantial portion of patients carry a vari- . 
ety of risks, good early outcomes were demonstrated in 
multicenter cooperative study of EVAR registration by 
eight NHO medical centers. It is suggested from the pres- 
ent data that EVAR is an acceptable alternative treatment 
modality to maintain physical performance well while 


` repairing AAA. 
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Outcome of the External Carotid Artery Following Carotid 
Endarterectomy with Added External Carotid Artery 
Eversion Endarterectomy 


Mamoun Al-Basheer, MBBS (Lond), JBS FRCSI, FRCSEd, JBVS, FICA, D Ferrar, MD, 
FRACS, D Nelson, MHS, DMU (Vasc), and Theodor Vasudevan, MD, FRACS 


Objective: To study the results of eversion endarteterctomy of the external carotid artery (ECA) performed 
as part of standard CEA at a tertiary referral center using duplex ultrasonography. 

Materials and Methods: Sixty patients (18 women and 42 men) who underwent 65 carotid endarterecto- 
mies at Waikato Hospital between January 2006 and July 2007 for significant internal carotid artery 
(ICA) disease were studied. The procedure also included eversion endarterectomy of the ECA with sharp 
transection at eversion end point. Preoperative and postoperative duplex scans were performed for all 
patients using Acuson (USA) ultrasound machine and by one sonographer. Postoperative follow-up scans 
at periods between 6 weeks and 18 months were reviewed and analyzed with Ascer et al. Doppler ultra- 
sound-scan peak systolic velocity (PSV) criteria. 

Results: Preoperative scans revealed significant bifurcation disease involving both ICA and ECA in all 
patients. The first post operative scan, done six weeks post-operatively, revealed one incomplete ECA end- 
arterectomy, resulting in moderate (50%-~-74%) stenosis, while the rest had no evidence of residual ECA 
disease at the site of ECA endarterectomy. Over the post-operative period, sixteen (24.6%) ECA lesions 
and no occlusions were reported. The degree of ECA stenosis ranged from moderate to severe with PSVs 
ranging from 120 to 461 cm per second. All ECA lesions were ostial. Only 3 (18.7%) lesions were detected 
in the first nine months post operatively. Fifteen lesions were smooth and regular on duplex, while one had 
features of irregular residual stenosis. Eight (50%) were isolated ECA lesions, while the rest was associ- 
ated with either ICA restenosis or occlusion. 

Conclusion: ECA disease progression detected by Duplex ultrasound following eversion endarterectomy, 
as a part of CEA, commonly happens after 9 months and results in recurrent ECA stenosis, in most cases. 
Timing and features of the lesions suggest an intimal reaction as the aetiology in most cases. Eversion end- 
arterectomy of the ECA does not predispose to ECA occlusion. 


Key words: external, carotid, eversion, endarterectomy, duplex 


INTRODUCTION 


e role of the external carotid artery as a major con- 
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tributor to collateral blood flow to the brain once the 
internal carotid artery (ICA) is occluded or stenosed is 
well established." ” 

The progression of the external carotid artery (ECA) 
disease following CEA and its neurological outcome has 
been the subject of some debate with some suggesting 
that ECA endarterectomy predisposes to ECA occlusion.” ? 
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Table 1 Results of pre operative scans 





o ECA Disease 
Degree of Stenosis Number of Vessels 
50%~-74% 6 
>74% 59 


This is particularly relevant with the advent of ICA stent- 
ing where the role of ECA is completely overlooked, 

In this retrospective study, we aimed to follow the pro- 
gression of ECA disease following CEA with added ECA 
eversion endarterectomy by duplex ultrasound. Timing of 
appearance and ultrasonographic features of ECA lesions 
are evaluated as an indication of possible etiology. 


MATERIALS AND METHODS 


The study group consisted of 60 patients (18 women 
and 42 men) who underwent 65 CEAs at Waikato Hospi- 
tal between January 2006 and July 2007. The mean age 
was 67 years (range 59 to 78). All patients included in the 
study had significant bifurcation disease with stenosis in 
both internal and external carotids. 

All patients had standard CEA for high grade ICA 
stenosis (symptomatic in 68% and asymptomatic in the 
rest). 

The most common risk factor was smoking (66%). 
Other risk factors included diabetes mellitus (24%), 
hypertension (63 %), and coronary artery disease (64 “c). 

The CEA technique involved transmedial end- 
arterectomy of the common and internal carotids encing 
with eversion of the proximal ECA as far as possible 
without opening the artery. To avoid intimal flaps, we 
released the occluding ECA clamp and then performed a 
sharp transection of the endpoint. Should the plaque 
break off with eversion, no further action was taken. All 
patients had patch repair of the carotid endarterectomy 
site. 

Preoperative and postoperative duplex scans were per- 
formed for all patients using the same machine and by 
the same technologist. Postoperative follow-up scans at 
periods between 6 weeks and 18 months were reviewed 
and analyzed with Ascer et al. Doppler ultrasound-scan 
PSV criteria: <150 cm/s <50% stenosis, 150 cm/s to 250 
cm/s = 50% to 74% stenosis, and 250 cm/s = 75% stenosis.” 

Data analysis is presented as the mean and a range or a 
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nominal value with a percentage. 
RESULTS 


No deaths or significant neurologic deficits were 
reported during the study period. 

Pre operative scans revealed the distribution of disease 
detailed in Table 1. No vessel occlusions were detected 
preoperatively. 

The first post operative scan done six weeks post- 
operatively reported widely patent CEA site in all. One 
patient had incomplete ECA endarterectomy resulting in 
moderate (50%~—74%) stenosis while the rest had no evi- 
dence of residual ECA disease at the site of end- 
arterectomy. 

Subsequent follow-up scans revealed sixteen (24.6%) 
ECA lesions in 16 patients (12 men and 4 women). 

The degree of stenosis included 5 (31.2%) external 
carotids with <50% stenosis and a mean PSV of 134 cm 
per second (range 120 to 148), and 7 (43.84%) with mod- 
erate stenosis (50% to 74%) and a mean PSV of 176 cm 
per second (range 154 to 241). Severe stenosis (>74%0) was 
present in 4 (25%) external carotids with a mean PSV of 
312 cm per second (range 262 to 461). The distribution 
into different degrees of stenosis is shown in Fig. 1. 

All ECA lesions were ostial. Only 3 (18.7%) lesions 
were detected in the first 9 months post operatively. Eight 
(50%) were isolated ECA lesions: 7 were associated with 
mild (<50%) ICA restenosis and 1, with moderate (50% 
to 70 %) ICA restenosis. 


DISCUSSION 


The importance of the ECA has been well documented 
as a source of collateral flow to the brain. Fearn et al. 
demonstrate that the ipsilateral ECA contributes at least 
10% to 15% of middle cerebral blood flow in patients 
with severe ICA stenosis. The most important of these 
extracranial-to-intracranial collaterals is through the 
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Fig. 1 The distribution into different degrees of stenosis. 


ECA, collateralizing primarily through the periorbital 
plexus.” ? 

Technical perfection is of paramount importance in 
performing carotid artery surgery, perhaps more than any 
other vascular reconstructive procedure, because of the 
potential danger of devastating perioperative stroke.” 

The importance of ECA patency was further empha- 
sized by a study by Paty et al., where they found that 
treatment of external carotid disease, when flow cannot 
be restored to the ICA, also increases stroke-free sur- 
vival, as compared with natural history data of up to 20% 
per year risk of recurrent stroke after nonoperative man- 
agement of the ICA occlusion.” 

ECA occlusion or intimal flap after CEA presents as a 
potential source for either chronic embolization or a site 
for extended thrombosis and embolization in the acute 
situation.” ® 

Amongst some technical variables in performing 
CEA, the method of removing plaque at the ECA has not 
been subject to a uniform approach, with a simple 
transection of the plaque at the orifice, blind end- 
arterectomy into the lumen of the artery, or eversion end- 
arterectomy; all being potential options for completing 
the endarterectomy in this area.” ® 

The ECA is not usually treated in the same meticulous 


` - manner as the ICA during endarterectomy of the carotid 


bifurcation, where it is mostly endarterectomized in a 
blinded fashion. Undoubtedly, the rationale for this is to 
minimize the operative time, and specifically, the dura- 
tion of carotid occlusion.” 

While the results of endarterectomy of ICA and com- 
mon carotid artery have been excellent, scattered reports 
of less than acceptable short- and long-term results have 
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been noted when these approaches are taken with the 
ECA. A partial explanation for this may be differences in 
the flow characteristics of the ECA, vis a vis the ICA and 
CCA, as well as the techniques utilized in handling the 
endpoint in the traditional approach to the ECA.” 

Our operative technique of performing the end- 
arterectomy involves the use of regional anesthesia or 
general anesthesia with an ICA stump pressure measure- 
ment, selective shunting, and a standardized procedure 
(see methods) that includes a sharp ECA plaque transac- 
tion. 

Carotid duplex scans were performed by the same vas- 
cular technologist using the same machine at Waikato 
Hospital vascular laboratory. The interpretation of ECA 
disease was obtained from cross-sectional and longitudi- 
nal B-mode ultrasound imaging, as well as from Doppler 
PSV measurements, based on the measurements of Ascer 
et al., who contributed a set of duplex-scan PSV criteria 
for ECA stenosis, on the basis of the magnetic resonance 
angiography of 60 arteries: <150 cm/s <50% stenosis, 150 
cm/s to 250 cm/s = 50% to 74% stenosis, and 2250 cm/s = 
>75% stenosis." ® 

Ascer et al. reported a 100% ECA patency rate and an 
18% incidence rate of 50% stenosis and a 10% incidence 
rate of 75% residual or operatively produced ECA steno- 
sis in the first month after CEA with simple transection 
of the plaque at the ECA orifice.” 

Our results were comparable with those of only one 
patient, having what seemed to be residual plaque from 
surgery detected by the first post operative scan, done 
within 6 weeks after surgery. 

When endarterectomy relieves bifurcation stenosis, 
common carotid artery blood flow is redistributed 
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preferentially to the ICA at the expense of ECA flow, 
consistent with a change in the relative resistances of the 
two vessels resulting from operative reconstruction.” 

The timing of recurrence of most stenoses during a 9- 
to 18-month period, in addition to the ostial location, 
would suggest intimal hyperplasia and recurrent disease 
as primary etiologies. 

Further research in the area with linkage to clinical 
outcome is needed. 


CONCLUSION 


Duplex ultrasonography shows that the ECA stays pat- 
ent following CEA with eversion endarterectomy o? the 
ECA and sharp transection of endarterectomy endpoint 
but is prone to recurrent stenosis. The timing of the steno- 
sis indicates intimal hyperplasia and disease progression 
as possible aetiologies. 

Our data further supports previous work in this field, 
which suggests the stability of the ECA plaque anc the 
low likelihood of its progressing to an occlusion. 
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Three-dimensional CT Venography: A Diagnostic Modality 
for the Preoperative Assessment of Patients with Varicose 
Veins 


Katsutoshi Sato, MD,’ Kazumasa Orihashi, MD,’ Shinya Takahashi, MD,' Taichi Takasaki, MD,’ 
Tatsuya Kurosaki, MD,' Katsuhiko Imai, MD,' Minoru Ishifuro, PhD,” and Taijiro Sueda, MD! 


Objective: We preoperatively assessed varicose veins by means of computed tomography (CT) with con- 
trast injection in the veins of the lower extremity (CT venography). This paper reports the procedures, 
results and implications of CT venography from the surgical aspect. 

Methods: A total of 48 legs in 39 patients were examined. Contrast medium was diluted ten-fold and 
injected into the lower extremity veins, often using a dual route of injection. The images were recon- 
structed with the volume-rendering method. 

Results: CT venography clearty visualized the veins with a small amount of contrast medium and facili- 
tated the identification of anatomy that was not suitable for passing the stripper. In addition, CT venogra- 
phy helped identify unusual types of varicose veins or uncommon sites of inflow of small saphenous veins. 
Such information was helpful for avoiding unexpected vascular injury or for minimizing skin incision. 
Dual-route injection was beneficial to minimize the blind zones. Doppler ultrasound could be more 
focused on hemodynamic assessment and determination of incision sites. 

Conclusions: CT Venographby is feasible in all cases of varicose veins. When performed in conjunction with 


ultrasonography, it appears to facilitate the safe and efficient treatment of various types of varicose veins. 


Key words: computed tomography, venography, varicose vein 


INTRODUCTION 


A of treatments for varicose veins have been 
introduced including stripping, subfascial endo- 
scopic perforator surgery (SEPS)? and endovenous laser 
ablation (EVLA).” In these procedures, evaluation of the 
venous system in the entire lower extremity is essential 
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for safe and effective treatment. Preoperative assessment 
in detail is especially important in the selective stripping 
operation, which is designed to minimize complications.” 
Several modalities have been used for this purpose 
including venography,” Doppler ultrasound,” computed 
tomography (CT),°®” and magnetic resonance imaging 
(MRI)”; however, all of these methods have limitations. 
Doppler ultrasound is noninvasive and provides mor- 
phological and hemodynamic information, but it takes 
time for scanning the entire leg, and the accuracy and 
quality of assessment depends on the skill of the exam- 
iner. Although venography gives an image of the entire 
length of the lower extremity veins, the image is often 
inadequate despite the use of a large volume of contrast 
medium. While these modalities provide only two- 
dimensional information, multi-detector contrast CT has 
enabled three-dimensional imaging using the volume- 
rendering method. However, we have often experienced 
images of the veins taken in the late phase that were not 
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clear compared with the images of arteries in the early 
phase, and imaging requires a large volume of contrast 
media of up to 2 ml/kg (maximum 150 ml).°~ 

Therefore, we adopted “CT venography” that is, three- 
dimensional CT combined with venography using dilute 
contrast medium injected into the veins of the lower 
extremity, to obtain clear 3D images in the early phase of 
injection with the volume-rendering method. A similar 
method was reported in 2003 by Uhl et al.” in two ibus 
trative cases. To date, however, this method has not 
gained widespread acceptance. Thus, we have further 
refined this method for preoperative assessment of 
cose veins. This paper describes the details of CT venog- 
raphy including the technical aspects of this method znd 
the selection of a surgical strategy based on the informa- 
tion provided by this method. 







TI 


METHODS 


Subjects 

We examined 39 consecutive patients with varicose 
veins who underwent surgical treatment in our hosp:tal 
between February 2006 and March 2008. The patients 
included 16 males and 23 females with ages ranging om 
29 to 78 years old (mean age, 63.3 years old). Nine 
patients had bilateral varicose veins, and a total of 48 legs 
were examined. Patients who were allergic to iodine or 
had deep vein thrombosis were excluded. The varicose 
veins were of the great saphenous type, small saphenous 
type, or non-saphenous type in 34, 11, and 3 legs, respec- 
tively. The grading of varicose veins according to the 
clinical classification!” was C2, C3, C4, C5, and C6 in lH, 
6, 22, 6, and 3 legs, respectively. The indication for sur- 
gery was determined following the physical examinat.on. 
The surgical strategy and precise location of the incision 
was determined based on the CT findings and uira- 
sonography. This study was approved by the Eth cal 
Committee at our institute, and informed consent was 
obtained from every patient. 


Injection route and posture 

Contrast medium was injected through a 22-gauge 
angiocatheter. The injection route for the great saphenous 
vein was at the inside of the dorsum of the foot, and that 
for the small saphenous vein was around the external mal- 
leolus. When the vein around the external malleolus was 
difficult to cannulate due to hard skin or a non-dilated, 
small saphenous vein, the route was placed distal t the 
varicose vein of the calf. In such instances, the great 





saphenous vein route was also used to minimize the blind 
zones. In those cases with a non-saphenous type of vari- 
cose vein or history of previous surgery, similar dual- 
injection routes were used to minimize regions of poor 
visualization or the need for additional examination. With 
the dual-injection route, contrast medium was injected 
through a bifurcated delivery system with one injector. 

The patients were placed in a semi-Fowler position at 
about 45 degrees using a triangle backrest so that the con- 
trast medium stayed in the lower extremity veins. In addi- 
tion, 5-cm thick blocks were placed under the heel and 
the hip to avoid compression of the veins on the dorsal 
side of the lower extremity. 


CT study 

Contrast medium for injection was prepared by dilut- 
ing 15 ml of nonionic contrast medium (300 mgl/ml: 
lopamiron’™™, Fuji Pharmaceutical Co., Tokyo, Japan) 
with 135 ml of normal saline to avoid halation of the CT 
images. We determined that the optimal density for 
obtaining sharp 3D images of the saphenous, perforator 
and deep veins in the entire lower extremity with the vol- 
ume-rendering method was approximately 500 HU 
(Hounsfield units).'"’ We conducted a preliminary study 
by imaging various dilutions of contrast medium in a test 
tube, and concluded that a ten-fold dilution was suitable 
for CT venography. 

CT studies were performed using a 16-multi-detector- 
row CT (Light Speed Ultra 16: GE Medical System, Mil- 
waukee, WI, USA). Contrast medium was injected into 
the vein with an automated injector (DUAL SHOT A-250: 
Nemoto Kyorindo Co., Ltd. Osaka Japan) at a rate of 
3.5 ml/s under pressure monitoring (43 seconds for injec- 
tion of 150 ml) while the patient was breathing normally. 
The optimal time delay before scanning was examined in 
the first two cases. The veins were adequately visualized 
when scanning was started 5 seconds before the end of 
injection, but contrast medium was partially washed away 
when scanning was started 30 seconds after the injection 
was finished. Thus, we adopted the former protocol in the 
remaining cases. The scanning parameters were as fol- 
lows: table speed, 27.5 mm per rotation; beam pitch, 1.375; 
tube current, 300 mA; rotation time, 0.7 second; and volt- 
age, 120 kVp. Imaging was completed with a single scan 
from the foot to the anterior superior iliac spine without 
tourniquets or leg compression, which is commonly used 
in venography. The time required for imaging including 
injection and scanning was approximately one minute. 
CT Dose Index (CTDI) volume was 8.15 mGy. 
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Fig. 2 Unusual course of the saphenous vein visualized with 
CT venography. 
A: angulated course of the vein. B: venous aneurysm. C: 
large branch connected to the varicose vein. These can lead 


to unexpected vein injury during the stripping procedure. 


Three-dimensional images were reconstructed with the 
volume-rendering method using commercially available 
software (Virtual Place Raijin, AZE, Ltd. Tokyo Japan) by 
radiological technicians. It took a few seconds for process- 


ing our set template in the workstation. Three patterns of 


images were provided for preoperative assessment: 1) axial 
view; 2) 3D-images of superficial veins and muscles (super- 
ficial 3D view); and 3) 3D-images with superficial and 
deep veins, perforators and bones (deep 3D view). When 
needed, coronal and/or sagittal images were obtained. 


RESULTS 


Imaging was completed in all cases. According to the 
above protocol, the veins were clearly visualized without 
arterial images in every case. The average density of the 
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Fig. 1 Venography CT images: superficial 3D view 
(left) and deep 3D view (right). 
A: great saphenous vein type. * Axial views of 
the thigh are shown. In the superficial femoral 
vein, a partial filling defect mimicking deep 
vein thrombosis was noted. B: small saphenous 
vein type. Saphenous vein, deep veins and per- 
forators in the entire extremity are clearly visu- 
alized. 
SFV: superficial femoral vein; GSV: great 
saphenous vein; SFJ: saphenofemoral junction; 
PV: popliteal vein; SSV: small saphenous vein: 
SPJ: saphenopopliteal junction 


venous lumen in the initial 15 cases was 745 + 103 HU in 
the saphenous trunk adjacent to the injection route and 
437 + 74 HU in the great saphenous vein near the 
saphenofemoral junction. Density in the deep vein was 
nearly the same as that at the corresponding level in the 
superficial vein. 

The CT venographic images of the great and small 
saphenous veins are shown in Fig. 1A and 1B. The 
saphenous veins were clearly visualized in the superficial 
3D view; and perforators, in the deep 3D view. Perfora- 
tors (Dodd, Boyd, or Cockett veins) are depicted in the 
axial view (arrows). There was no interference or mask- 
ing by arterial images. The CT venographic views dis- 
tinctly identified the position of the perforator behind the 
tangled varicose veins and facilitated Doppler assessment 
and selection of the incision site. As noted in these views, 
however, the distal portion of the great saphenous vein 
was poorly visualized when contrast medium was 
injected into the small saphenous vein only. 

Figure 2 shows three types of great saphenous vari- 
cose veins that can be troublesome during the advance- 
ment of a stripper. CT venography revealed an angulated 
course of the vein (Fig. 2A), venous aneurysm along the 
vein (Fig. 2B), or the presence of a large branch con- 
nected to the varicose vein (Fig. 2C). In the former two 
types, the vein can be easily perforated at the angulation 
or venous aneurysm as the stripper is blindly advanced. 
In the presence of a large branch, the stripper can enter 
the branch. In those cases, the troublesome portion was 
accurately located with ultrasonography, guided by 
3D-CT images, and an additional small incision was 
added for dividing the saphenous vein or for ligating the 
branch and removing the varicose vein. 

Uncommon types of varicose veins are shown in Fig. 3. 


Sato K, et al. 





Fig. 3 Uncommon types of varicose vems. 


A: Vulval varicose vein (arrow) with normal saphenofemoral junction and slightly dilated 


saphenous trunk. B: Branched saphenous vein (arrow) causing regurgitation at the 


saphenofemoral junction, but without regurgitation in the saphenous trunk. C: Distal portion 


of great saphenous varicose vein due to incompetent perforator (arrow). D: Giacomini vein 


(arrow) with regurgitation of saphenopopliteal junction and dilated great saphenous vein. 


~ 
à 


SFV: superficial femoral vein; GS: great saphenous vein; SSV: small saphenous vein 





Fig. 4 Small saphenous vein connecting to the femoral vein. 
There is no connection to the popliteal vein (white 
arrow). A: Venous aneurysm of small saphenous vein 
with a large thrombus (black arrow). B: Division into 
several small veins. 

SFV: superficial femoral vein; PV: popliteal vein; SSV: 
small saphenous vein 


Figure 3A shows a vulvar-type of varicose vein wth an 
intact saphenofemoral junction. The upstream œi the 
saphenous vein was dilated. With the aid of CT venogra- 
phy, the most downstream (arrow) was located for ligation, 
and connecting perforators were examined. In another 
case, regurgitation was present in one of the tributaries 
(arrow) of the saphenofemoral junction but not in the 
saphenous vein (Fig. 3B). Ligation of this tributary and 
the saphenofemoral junction were done. To visualize these 
images, we had to cannulate the varicose vein in the pos- 


terior-to-lateral aspect of the lower extremity. Figure 3C 
shows a varicose vein with an intact saphenofemoral 


junction, which originated in the middle of the great 


saphenous vein due to an incompetent perforator (arrow). 
The incompetent perforator was ligated, and the distal 
portion of the great saphenous vein was selectively 
stripped. Figure 3D demonstrates a varicose vein due to 
the Giacomini vein (arrow). The small saphenous vein 
was ligated at the saphenopopliteal junction, and the Gia- 
comini vein and great saphenous vein were selectively 
stripped. Although great-saphenous types of varicose 
veins were suspected in the cases shown in Fig. 3, CT 
venography revealed that they were uncommon types. 
Although these anatomical structures may be detected 
with Doppler ultrasound as well, CTV images were more 
comprehensive because of clear 3D images. 

Although the small saphenous vein usually converges 
with the popliteal vein at the level of the knee joint, it 
flowed into the femoral vein in 4 of 11 cases with a small- 
saphenous type of varicose vein. Venous aneurysms were 
present at the junctions in 3 of these 4 cases, and they 
were associated with thrombus formation in 2 cases 
(Fig. 4A). In another case, the small saphenous vein 
divided into several small veins, which flowed into the 
femoral vein (Fig. 4B). 

In every case, the CT venographic findings were con- 
firmed by subsequent Doppler assessment and operative 
findings and the CT assessment proved to be correct, 
although statistical analysis was not applied. All cases 
were treated with selective stripping under tumescent 
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local anesthesia, and the distal part of the varicose veins 
in the lower extremity were not ligated or resected, and 
sclerotherapy was not performed. The residual varicose 
veins withdrew in several months, and no case required 
re-operation or additional sclerotherapy. 

In the femoral-to-iliac vein, a partial filling defect 
mimicking deep vein thrombosis was noted in every case 
(Fig. 1, asterisk). Ultrasonography showed that there was 
no deep vein thrombus, and we concluded that this was 
an artifact in CT venography. 

We experienced one complication in this series. Con- 
trast medium leaked out of the vein during injection but 
did not lead to significant sequelae, because a dual-injec- 
tion route was used and the contrast medium probably 
entered the venous system through the alternate route, 
reducing the amount of extravasation. 


DISCUSSION 


This study shows that CT venography, with topical 
injection of contrast medium, clearly visualizes the 
saphenous veins, perforators, and connecting deep veins, 
with one-tenth the volume of contrast medium. 

CT venography with systemic vein injection of con- 
trast medium has been reported by several groups. ® By 
using over 100 ml of contrast medium, Lee et al. found 
that the density was approximately 150 HU in the veins 
of the lower extremity.” Despite a low enhancement level, 
they successfully differentiated the veins from surround- 
ing tissues such as muscle or adipose tissue. This level is 
sufficient for obtaining the 3D images of superficial 
veins, which corresponds to our “superficial 3D view”. 
However, it can be insufficient for visualizing the perfo- 
rators and deep veins together with the varicose veins as 
shown in the “deep 3D view” in our study. Although a 
larger amount of contrast medium would improve visual- 
ization of the veins, it would also enhance the arterial 
images and make an accurate diagnosis difficult as well 
as increase the risk of renal damage. 

Although our method necessitates uncommon injec- 
tion routes, sufficient enhancement of the veins (around 
500 HU) was obtained in every case with approximately 
one-tenth of the amount of contrast medium and without 
any arterial images. The risk of renal toxicity, as well as 
the cost, is reduced with less contrast medium. 

This study demonstrated a number of clinical advan- 
tages of topical CT venography, in addition to those of 
systemic CT venography, including visualization of an 
angulated course of the vein or venous aneurysm (Fig. 2), 
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unusual types of varicose veins (Fig. 3), or uncommon 
sites of inflow into the deep veins (Fig. 4). Such informa- 
tion is helpful for minimizing’ unintended injury of the 
veins during stripping procedures or for avoiding an inap- 
propriate incision or the need for an additional incision. 
Although elaborate assessment by ultrasonography may 
reveal such variances; clear, panoramic, three-dimen- 
sional CT venographic images facilitate the selection of 
an appropriate surgical strategy and are advantageous for 
minimizing interobserver variability. In our experience, 
the time required for ultrasonographic assessment was 
shortened by the information provided by CT venography. 
Since the anatomies of the varicose veins were clearly 
shown, the role of Duplex studies was mainly for locating 
the regurgition to determine the incision site. Time for 
ultrasonographic assessment was reduced to approxi- 
mately one-third when it 1s preceded by CT assessment. 

Lee et al. indicated that the direct injection of diluted 
contrast medium into a varicose vein could possibly fail 
to opacify a portion of the vein.” We recognized this 
problem in the early cases, and introduced a dual-injec- 
tion route when specific information was needed for ade- 
quate visualization of the veins. Injection into a varicose 
vein was found to be advantageous for adequate visual- 
ization of veins in cases with complicated varicose veins 
and/or recurrence after a previous surgery. However, we 
became aware of a pitfall in this procedure. When the 
catheter cannot be advanced to its full length, there may 
be possible leakage of contrast medium due to penetra- 
tion of the vein wall or dropout of the catheter from the 
vein during injection, as was experienced in one case in 
our series. 

We used 150 ml of diluted contrast medium based on 
our previous experience in venography. A total amount of 
50 m! filled only the veins in the lower thigh, and the 
proximal portion of veins was visualized as the contrast 
media moved proximally. We felt that 150 ml of diluted 
contrast media was necessary to fill the entire venous 
lumen of the lower extremity. Since the vein is exclusively 
opacified with our method, it allows volumetric measure- 
ment of the venous lumen in the lower extremity. The 
measured volume of the venous lumen in the initial 15 
cases was 187 + 60 ml. This volume may be overestimated 
because the veins are scanned in a distal-to-proximal 
direction, while the contrast medium washed out during 
scanning. Thus, we concluded that 150 ml of diluted con- 
trast medium is appropriate for CT venography. 

Volume loading of 150 ml including normal saline in a 
short time could be a risk for those patients with cardiac 
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dysfunction, especially when the legs need to be exam- 
ined bilaterally in elderly patients, although no such com- 
plication was encountered in this study. In contrast. the 
small amount of contrast medium (15 ml) needed for CT 
venography might not influence kidney function so much. 

It is very apparent that CT venography does not provade 
hemodynamic information, and Doppler ultrasounc is 
essential to confirm the reverse flow and to determine the 
incision site. However, information by CT venography was 
helpful for efficiently focusing the points of Doppler assess- 
ment. For example, an inflow from small saphenous veins 
to the femoral vein is not uncommon, as was experienced 
in 4 of 11 cases in this series (Fig. 4). Since the inflow may 
be as deep as 5 cm from the skin, locating the inflow site 
with ultrasonography in combination with CT images was 
advantageous for minimizing the skin incision and time 
required for the surgical procedure. The surgical proce- 
dures could be carried out under local anesthesia in every 
case. In patients with skin ulcers or chronic edema. it is 
often difficult to identify perforators with only Doppler 
ultrasound. Axial and 3D images from CT venography 
were helpful for identifying the perforators. These findings 
may be beneficial for SEPS. In this series, varicose veins 
were treated with stripping operations in all patients. 
Although EVLT is increasingly getting popularity in Japan, 
the CTV information may be helpful for understanding the 
unusual anatomy in the area scheduled for ablation. 

A filling defect in the femoral-to-iliac vein is common 
in CT venography. This finding appears to be causec by 
the intermixing of venous return that contained no con- 
trast medium. Although this finding can possibly be 
regarded as deep venous thrombosis, it is not imporzant 
in clinical practice because ultrasonography readily rales 
out venous thrombosis. 

Although ultrasonography has been mainly used to 
evaluate the varicose vein and provides sufficient mfor- 
mation, it has limitations, as described above. CT venog- 
raphy is very easy, less invasive, and accurate method. 
Then, it might be indicated for all varicose veins, which 
is difficult to appreciate by ultrasonography. 


CONCLUSIONS 


CT venography allows clear visualization of the great 
and small saphenous veins, perforators and deep veins in 
the entire lower extremity without interference by arterial 
images. In addition, this method requires a small amount 
of contrast medium, which is advantageous for reducing 
cost and renal damage. Furthermore, it facilitates the 


selection of effective and efficient strategies when it is 
used in conjunction with ultrasonography. CT venography 
may be an optional evaluation method for the treatment 
of varicose veins. 


ACKNOWLEDGMENTS 


We would like to thank Masamichi Ozawa MD, Bagus 
Herlambang MD for data collection, and Chikako Fujioka 
RT for study design and all of these individuals for their 
continuous support of this research. 


REFERENCES 


1) Kurdal AT, Cerrahoglu M, Iskesen I, et al. Subfascial 
endoscopic perforator surgery ameliorates the symo- 
toms of chronic venous ulcer (C6) patients. Int Angiol 
2010; 29: 70-4. 

) Nadarajah ST, Demos D, Andrew IDM, et al. 
Endovenous laser ablation: dose standard above-knee 
great saphenous vein ablation provide optimum results in 
patients with both above- and below-knee reflux? A ran- 
domized controlled trial. J Vase Surg 2008; 48: 173-8. 

3) Koyano K, Sakaguchi S. Selective stripping operation 
based on Doppler ultrasonic findings for primary vari- 
cose veins of the lower extremities. Surgery 1988; 103: 
615-9. 

4) Kistner RL, Ferris. EB, Randhawa G, et al. A method 
of performing descending venography. J Vasc Surg 
1986; 4: 464-8. 

5) Jutley RS, Cadle I, Cross KS. Preoperative assessment 
of primary varicose veins: a Duplex study of venous 
incompetence. Eur J Vasc Endovase Surg 2001; 21: 
370-3. 

6) Caggiati A, Ricci S, Laghi A, et al. Three-dimensional 
contrastless varicography by spiral computed tomogra- 
phy. Eur J Vasc Endovasc Surg 2001; 21: 374-6. 

7) Lee W, Chung JW, Yin YH, et al. Three-dimensional 
CT venography of varicose veins of the lower extrem- 
ity: image quality and comparison with Doppler 
sonography. AJR 2008; 191: 1186-91. 

8) Min SK, Kim SY, Park JY, et al. Role of three-dimen- 
sional computed Tomography venography as a power- 
ful navigator for varicose vein surgery. J Vasc Surg 
2010: 51: 893-9. 

9) Koizumi J, Horie T, Muro E, et al. Magnetic resonance 
venography of the lower limb. Int Angiol 2007, 26: 
171-82. 

10) Uhl JF, Verdeilie S, Bouyer M. Three-dimensional 
spiral CT venography for the pre-operative assessment 
of varicose patients. VASA 2003; 32: 91-4. 

11) Beebe HG, Bergan JJ, Bergqvist D, et al. Classification 
and grading of chronic venous disease in the lower 
limbs. A consensus statement. Int Angiol 1995, 14: 
197-201. 

12) Feil X. Du X, Yang Q, et al. 64-MDCT coronary 
angiography: phantom study of effects of vascular 
attenuation on detection of coronary stenosis. AJR Am 
J Roentgenol 2008; 191: 43-9. 


bo 


Annals of Vascular Diseases Vol. 4, No. 3 (2011) 











aw 


Ann Vasc Dis Vol.4, No.3; 2011; pp 235-240 
©2011 Annals of Vascular Diseases 


> Original Article~ 


doi: 10.3400/avd.oa.11.00022 


Skin Perfusion Pressure Measurement to Assess Improvement 
in Peripheral Circulation after Arterial Reconstruction for 
Critical Limb Ischemia 


Yoshiko Watanabe, MD, PhD,’ Atsuko Onozuka,’ Yukio Obitsu, MD, PhD, Hiroyoshi Komai, MD, PhD,’ 
Nobusato Koizumi, MD, PhD,' Naozumi Saiki, MD,' and Hiroshi Shigematsu, MD, PhD* 


Aim: To assess the utility of skin perfusion pressure (SPP) measurement in evaluating the outcome of vas- 
cular constructions for critical limb ischemia (CLI) patients. 

Methods: We retrospectively studied 19 lower limbs in 18 patients who underwent arterial reconstruction 
for CLI from whom SPP measurements had been obtained pre- and postoperatively between 2008 and 
2010. Six limbs whose ulcers had healed postoperatively were classified into group H, 7 limbs whose ulcers 
had not healed into group U, and 6 limbs without ulcers into group N. SPP values were compared among 
these groups. 

Results: The preoperative SPP values in all groups were <30 mmHg, without significant differences among 
the groups. The SPP values in groups H and N significantly improved after operation, and those in group 
U were significantly lower than those in the other groups. 

Conclusions: SPP measurement before and after arterial reconstruction is useful to assess improvement in 
tissue circulation and to predict the likelihood of wound healing. An SPP value >30 mmHg was considered 
necessary for wound healing, supporting the findings of the few reports in the literature on the usefulness 


of SPP for assessing vascular reconstruction effects on ulcer wound healing. 


Key words: skin perfusion pressure, peripheral artery disease, arterial reconstruction, wound healing 


INTRODUCTION 


Tr number of patients with critical limb ischemia 
(CLI) due to peripheral artery disease (PAD) is 
increasing worldwide, and the need for arterial recon- 


‘Department of Vascular Surgery, Tokyo Medical University, 
Tokyo, Japan 

Vascular Laboratory, Department cf Vascular Surgery, Tokyo 
Medical University, Tokyo, Japan 

*Vascular Surgery Department, International University of Health 
and Welfare Mita Hospital, Tokyo, Japan 

*Vascular Center, Sanno Medical Center, International University 
of Health and Welfare, Tokyo, Japan 


Received: March 1, 2011; Accepted: June 13, 2011 

Corresponding author: Yoshiko Watanabe, MD, PhD. Department 
of Vascular Surgery, Tokyo Medical University, 6-7-1 Nishishin- 
juku, Shinjuku-ku, Tokyo 160-0023, Japan 

Tel: +81-3-3342-6111, Fax: +81-3-3342-6193 

E-mail: yosiyosi515@mac.com 


Annals of Vascular Diseases Vol. 4, No. 3 2011) 


struction surgery has, therefore, become more frequent. 
When considering arterial reconstruction in such cases, 
there are several important clinical points which vascular 
surgeons attempt to clarify: the extent to which ischemia 
affects symptoms such as pain or ulcers; whether the 
indications for arterial reconstruction are certain or not; 
the extent to which the peripheral circulation of the 
patient had improved with the arterial reconstruction, and 
the safe perfusion level required for the optimal healing 
of ischemic ulcers. 

For the assessment of these points, skin perfusion pres- 
sure (SPP) measurement is considered to be reliable and 
useful.’ SPP measurement is a noninvasive method of 
estimating microcirculation of the limbs at a depth of 1.5 
to 2.0 mm beneath the skin using a Doppler laser probe. 
The ankle-brachial pressure index (ABI) is internation- 
ally considered to be the optimum method to estimate 
peripheral circulation. However, patients with diabetes 
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mellitus or chronic kidney disease often have severely 
calcified peripheral arteries. A blood pressure cuff cannot 
sufficiently compress the ankle arteries, and, therefore. 
their ABI often shows false high values. Moreover, if the 
patient has additional lesions below the ankle, these can- 
not be evaluated using ABI. However, in such patients 
accurate evaluation of peripheral circulation is possible 
with SPP measurement and is unaffected by arterial cal- 
cification of arteries.” ” SPP measurement can also be 
performed below the ankle and near the ulcer, can evalu- 
ate the insufficiency of smaller arteries.” and can predict 
the outcome of ulcers and wound healing.” Previous 
studies have concluded that ulcers and wounds in which 
the SPP decreases to <30 or 40 mm Hg do not heal.’ **"” 
We started SPP measurements following the establish- 
ment of a vascular laboratory at our institution in August 
2008. Although the number of examinations of SPP is 
still small in our institution at present, we deemed it use- 
ful to have an initial evaluation of its effectiveness by ret- 
rospectively assessing the changes in SPP values obtained 
between the pre- and postoperative periods” ” and the 
relationship between the SPP values and ulcer healing, in 
order to assess the utility of SPP measurement in evaluat- 
ing the outcome of arterial reconstructions in patients 
with CLI caused by arteriosclerosis obliterans (ASO). 


MATERIALS AND METHODS 


Between 2008 and 2010, we performed 84 vascular 
reconstructions in 74 patients with ASO at our institution. 
SPP was measured before and after arterial reconstruc- 
tion in 19 lower limbs of 18 patients (15 men and 3 
women, average age, 73.2 + 6.7 years) with CLI (Fontaine 
stages 3 and 4). SPP was measured at the center of the 
distal portion of the plantar and/or dorsal area of the foot, 
pre- and postoperatively. 

SPP was measured using the SensiLase PAD 3000 
(Vasamed Inc., Eden Prairie, MN, USA) at room temper- 
ature with the patient in the supine position. We used a 
laser Doppler probe positioned underneath a 5.8-cm-wide 
blood pressure cuff (laser pressure transducer (LPT) 
cuff) wrapped around the patient's foot. The specific 
dates of SPP measurement pre- and postoperatively were 
not decided, but the usual date for postoperative examina- 
tion was after the pain and swelling in the foot had sub- 
sided. 

We divided the patients into 3 groups. Those whose 
ischemic ulcers had healed after arterial reconstruction 
were classified into group H. Those whose ischemic 


ulcers had not healed were classified into group U. Those 
without ischemic ulcers at any time during the observa- 
tion period were classified into group N. 

All statistical analyses were performed with JMP sta- 
tistical software (version 7.0.1; SAS Institute, Cary, NC, 
USA). Results are shown as means + standard deviation 
(SD). Multiple comparisons of average values among the 
3 groups were analyzed using the Tukey-Kramer honestly 
significant difference (HSD) test. P values less than 0.05 
were considered to represent a statistically significant dif- 
ference among the groups. Comparisons of average SPP 
values pre- and postoperatively were analyzed using the 
Wilcoxon signed-rank test. The Pearson chi-square test 
was used to analyze the ratio of underlying atheroscle- 
rotic risk factors. 


RESULTS 


Among a total of 19 lower limbs of 18 evaluable 
patients, 6 limbs were classified into group H (measure- 
ments obtained at 13 points), 7 into group N (measure- 
ments obtained at 16 points), and 6 into group U (mea- 
surements obtained at 16 points). One limb in group U 
had a deep ulcer with exposed toe bones and methicillin- 
resistant Staphylococcus aureus (MRSA) infection, 
Another limb in group U had a large ulcer on the entire 
heel with MRSA infection. Other ulcers in groups H and 
U were located on the skin surface of the toe of each 
limb. The demographic characteristics and atherosclerotic 
risk factors of the patients are shown in Table 1. The 
number of patients did not differ significantly among the 


+% 


3 groups in terms of any diseases; however, there were 
more patients with cerebral vascular disease in group N 
than in the other groups. Moreover, although not signifi- 
cantly different, the number of patients receiving hemodi- 
alysis was the largest in group U, followed by group N, 
and then finally group H, reflecting the prevalence rate of 
renal disorder in these groups. 

The arterial reconstruction procedures performed on 
the limbs are shown in Table 2. The number of success- 
ful distal bypass procedures was high in group H. Almost 
half of the limbs in groups N and U had undergone arte- 
rial reconstruction only in the femoro-popliteal area. One 
patient in group N underwent thrombectomy because of 
acute exacerbation of the lesion in the superficial femoral 
artery; however, we could not repair severe distal lesions 
because of the severe general condition of the patient. In 
all limbs of the patients in group U, more distal lesions 
remained because of the difficulty in treating these 
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Table 1 Demographic characteristics and atherosclerotic risk factors of patients, and examined SPP points 





Group H N U Total Statistical difference 

Number of patients 6 6 6 18 

MEF Sd 5:1 5:1 N.S. 

Age (years) 74.6 8.3 75.9 6.4 69.3 3.1 Between groups N and U* 

Background disease 
Hypertension 4 (66.7) 4 (66.7) 5 (83.3) N.S. 
Hyperlipidemia 0 2 (33.3) 2 (33.3) N.S. 
Diabetes 4 (66.7) 6 (100) 5 (83.3) N.S. 
Ischemic heart desease 2 (33.3) 3 (50.0) 2 (33.3) N.S. 
Cerebrovascular desease 2 (33.3) 5 (83.3) 1 (16.7) N.S. 
Chronic kidney disease 3 (50.0) 4 (66.7) 5 (83.3) N.S. 
-receiving hemodialysis 2 (33.3) 3 (50.0) 4 (66.7) N.S. 

Number of limbs 6 7 6 19 

Number of examined points 13 16 16 45 


Values are expressed as means + SD, (percentage). *Statistical analysis of age was performed using the Tukey-Kramer honestly 


signifcant difference (HSD) test. 


Other analyses were performed using the Pearson chi-square test. NS: not significant 


Table 2 Arterial reconstruction procedures performed for the lower limbs 


Group H N U 
F-P lesion (failure) 
Bypass 1 2 3 (1)* 
Thrombectomy 0 1” 0 
Distal lesion (failure) 
Bypass 5 4 2 (1)* 
PTA 0 0 1* 
Values denote number of limbs. 


F-P: femoro-popliteal; PTA: percutaneous transluminal angioplasty 
*More distal lesions remained because of the difficulty in treating these 
lesions due to either calcification, stenosis or poor run-off, or the severe 


general conditions of the patients. 


lesions due to either calcification, stenosis or poor run- 
off, or the severe general conditions of the patients. Failed 
arterial reconstruction was recognized at 5 points in 2 
limbs in group U, and among the remaining 4 limbs in 
group U, 1 limb required minor amputation and 1 limb 
required major amputation, despite the patency of the 
reconstructed arteries. New ulcers did not occur postop- 
eratively in any group. Rest pain disappeared in all 
patients in group N. 

The SPP values are shown in Table 3. The preopera- 
trve SPP values in all groups were <30 mmHg, without a 
statistically significant difference. The postoperative 
SPP values increased by 36.9 + 17.0 mmHg in group H 
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(P = 0.002), 24.7 + 12.0 mmHg in group N (P <0.0001), 
and 6.6 + 12.7 mmHg in group U (N.S.). In these groups, 
the actual postoperative SPP values were 57.7 + 15.3 
mmHg in group H, 46.7 + 18.1 mmHg in group N, and 
31.7 + 16.4 mmHg in group U; the postoperative SPP 
value of group U was markedly lower than those of the 
other 2 groups. The date of postoperative examination 
was later in group H than in the other 2 groups. 
Postoperative demographics of the numbers of limbs 
divided by mean SPP values in each group are shown in 
Fig 1. In group H, no limb had a mean SPP value of <30 
mmHg and 83% of the limbs had a value of >40 mmHg. 
In group N, 57% of the limbs had a mean SPP value of 
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Table 3 SPP values before and after arterial reconstructions 


cans er ene A A tA AAP Dt ANE PE EPP AA CARR EIEIO I TL TT 


ere nnenn mane reer AA tL tRNA FFs 





Group H N U Statistical difference 
Preoperative SPP value (mmHg) 20.8 +11.3 22.0 + 8.7 DN oe N.S. 
Postoperative SPP value (mmHg S77 £193 46.7 + 18.1 31.7+ 16.4 Significantly different between 

H and U, N and U 
Date of postoperative 23.8 + 13.0 132457 7.8434 Significantly different between 
examination (POD) H and N, H and U 





eer pneu enn nn pL eR NN CNT PAA aiie aee a a e a 


Values are expressed as means + SD. Statistical analyses were performed with the Tukey-Kramer HSD test. 


NS: not significant; POD: postoperative day 


Group H 





Group N 





Group U 





Mean postoperative SPP 
value in a limb (mm Hg) 





Fig. 1 Postoperative demographics of the numbers of limbs divided by the mean SPP values in each 


group. {number of limbs (%)} 


<40 mmHg. In group U, 66% of the limbs had a m2an 
SPP value of <40 mmHg and 50% of the limbs hid a 
mean SPP value of <30 mmHg. 

Almost all (89%) points with SPP values of <30 
mmHg were in group U. For SPP values of 30-39 mm Hg, 
group U showed a decrease of points to 33%, group N 
showed 56% and group H showed 11%. In SPP values of 
40-49 mmHg, each of the 3 groups was nearly equivalent 
at 33%. Finally, only 11% of the points with SPP values of 
>50 mmHg were in group U, while 50% of the points 
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with SPP values of 250 mmHg were in group H. 


DISCUSSION 


In this study, we set out to assess the utility of SPP 
measurement in the evaluation of the outcome of vascular 
constructions for patients with CLI. 

Regarding the backgrounds of the patients in the 
present study in relation to wound healing, half of the 
limbs of the patients in group U had undergone arterial 
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reconstruction in the proximal area above the knee. How- 
ever, graft failure occurred in 2 limbs in this group. On 
the other hand, the operative results in groups H and N 
were acceptable, despite similar or high ratios of limbs 
that underwent distal bypass surgery. 

The principle of arterial reconstruction is to cure the 
lesions successively, starting from the most proximal 
lesion. ® '” With reconstruction of the proximal lesion, an 
increase in peripheral blood perfusion can be expected 
even if remnants of the obliterative lesion remain on the 
distal side. However, the postoperative SPP values in 
group U indicated that postoperative perfusion was insuf- 
ficient in this group. Additionally, in 2 limbs in which an 
increase in peripheral blood perfusion was expected in 
this group, the procedure resulted in arterial reconstruc- 
tion failure and eventual amputation. It is possible that 
some patients in group U with severe lesions in the distal 
arteries had poor run-off, despite the success of proximal 
arterial reconstruction. The postoperative SPP values in 
group N were better than those in group U but less than 
those in group H. Compared with group H, group N fea- 
tured more patients with chronic kidney disease and 
group U had even more. Additionally, groups N and U 
included more patients with diabetes than group H; there- 
fore, the patients in groups N and U could have had more 
advanced distal lesions than did the patients in group H.” ° 

Previous studies have suggested a value of 30 mmHg**® 
or 40 mmHg*” to be the critical SPP threshold necessary 
for wound healing. In the present study, 50% of the limbs 
had a mean postoperative SPP value of <30 mmHg in 
group U, consistent with the results of previous reports. 
Therefore, we considered an SPP value of <30 mmHg to 
indicate an unfavorable condition for wound healing. 
However, there was no limb in group H that showed a 
mean SPP value of <30 mmHg postoperatively. This rein- 
forced our assumption that an SPP value of 230 mmHg 
was necessary for wound healing. On the other hand, 
88% of the limbs in group H showed a mean SPP value 
of 240 mmHg postoperatively. Yamada et al. reported 
that 69% of patients with an ischemic ulcer and with an 
SPP value of >40 mmHg showed wound healing, and 
when a cut-off SPP value of 40 mm Hg for wound heal- 
ing was set, the sensitivity was 72% and the specificity 
was 88%.” Based on the above results, it is desirable to 
have a minimum SPP value of at least 30 mmHg, and 
ideally higher than 40 mmHg, for wound healing. In 
group N, SPP improved to a lesser extent than in group H; 
however, rest pain disappeared in all patients. It is gener- 
ally known that greater blood perfusion is required to 
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promote wound healing than to improve rest pain. An 
SPP value of 30 mmHg may be the borderline for the 
development of rest pain. 

In group U, 1 limb with postoperative SPP values 
of 260 mmHg in 2 points were observed. This patient 
had used steroids for a long period for polyneuropathy, 
thus the drug or the underlying disease could have nega- 
tively influenced wound healing. Another study reported 
a patient who required major amputation, despite show- 
ing a high SPP value, due to an uncontrolled infection in 
the foot.” This indicates that high SPP values do not nec- 
essarily guarantee wound healing. SPP measurement can 
evaluate perfusion only to a depth of about 1.5 to 2.0 mm 
below the skin surface. Therefore, not only SPP, but also 
many other factors such as muscle perfusion, oxygen par- 
tial pressure of blood, presence of infection, size of ulcer, 
and cellular capacity for regeneration, may influence 
wound healing, therefore wound healing cannot be pre- 
dicted by SPP value alone. The control of all other factors 
is necessary to achieve wound healing. 

The limitations of this study were as follows. First, the 
number of patients was too small to make a definitive 
conclusion. However, the present results add evidence 
supporting the usefulness of SPP examination for assess- 
ing the effects of vascular reconstruction on wound heal- 
ing, although additional studies involving a larger number 
of patients as well as more data are needed. Second, the 
timing of postoperative SPP measurement was not fixed 
partly because of the influence of the physical condition 
of the patient and partly because this was a study of retro- 
spective data, not a planned prospective study. Since all 
limbs were examined only once after surgery, data on 
changes in the SPP value over time were not available. 
Evaluation and comparison of SPP at a similar time 
would be ideal in future studies for a more appropriate 
comparison. 


CONCLUSION 


SPP measurement before and after arterial reconstruc- 
tion is useful to assess improvement in tissue circulation 
and to predict to some extent the possibility of wound 
healing. In support of the findings of limited reports in 
the literature on the usefulness of SPP for assessing the 
effects of vascular reconstruction on ulcer would healing, 
an SPP value of 230 mmHg is considered necessary for 
wound healing, but it does not guarantee it. It is desirable 
to have a minimum SPP value of 30 mmHg and ideally 
greater than 40 mmHg to achieve wound healing. 
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Atypical Giant Cell Arteritis Presenting as Lack of a Pulse 
in the Upper Extremity 


Shintaro Shibutani, MD, PhD,’ Hideaki Obara; MD, PhD,’ Shigenao Kan, MD, PhD,’ Shin Takahashi, MD, PhD,’ 
Kenji Ogawa, MD, PhD,‘ and Yuko Kitagawa, MD, PhD? 


Giant cell arteritis (GCA), an inflammatory vasculopathy that preferentially affects medium-sized and 
large arteries, has diverse symptoms and varied clinical courses that can make the diagnosis difficult. We 
describe a 75-year-old woman in whom GCA presented as lack of a pulse in the right arm. Although ste- 
roid therapy is generally effective for treating GCA, surgical intervention provides a biopsy specimen for a 
definitive diagnostic study and restores blood flow in the affected limb. GCA should be considered along 
with atherosclerosis in cases of occlusive disease of the upper extremity, especially if the patient is an 


elderly woman. 


Key words: giant cell arteritis, pulseless disease, arm ischemia 


INTRODUCTION 


iant cell arteritis (GCA) is a chronic vasculitis of 

large and medium-sized arteries.” It most often af- 
fects the superficial temporal artery, although facial, ca- 
rotid, myometrial, and upper and lower limb arteries may 
also be involved. We describe a case of GCA presenting 
as lack of a pulse in the upper extremity. 


CASE REPORT 


A 75-year-old woman was referred to our institution 
with symptom of the right arm claudication for several 
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weeks. She had general fatigue and had lost 5 kg of body 
weight. She had no fever, temporal or occipital headache, 
scalp tenderness, jaw or tongue claudication, respiratory 
tract or musculoskeletal manifestations, or visual distur- 
bances. She had no past medical history such as trauma 
or radiotherapy and family history. The patient did not 
have any of the usual risk factors for atherosclerosis: 
smoking, hypercholesterolemia, hypertension, or diabetes 
mellitus. 

On examination, the patient's right hand was observed 
to be pale and cool, and there was no distal pulse in the 
right upper extremity. The systolic blood pressure was 40 
mmHg on the right radial artery. The temporal arteries 
were palpable on both sides. Laboratory tests showed 
normal renal and liver function tests while showing ele- 
vated erythrocyte sedimentation rate (ESR) of 108 mm/ 
hour, C-reactive protein (CRP) level of 2.5 mg/L and 
moderate anemia (hemoglobin level, 10.1 g/dL). Assess- 
ments for rheumatoid factor and antinuclear antibody 
and antineutrophil cytoplasmic antibody yielded negative 
results. 

A chest radiograph and computerized tomographic 
study showed no evidence of cervical ribs, chronic aortic 
dissection, or other abnormalities. Selective digital sub- 
straction angiography (DSA) revealed severe localized 
smooth stenosis of the right brachial artery (Fig. 1). No 
other stenotic or atherosclerotic changes were observed. 
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Fig 1 Selective digital substraction angio- 
gram showing severe localized stenc- 
sis of the right brachial artery. 
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Fig 2 Selective digital substraction angio- 
gram showing patent saphenous vein 
graft (black arrow) and a new stenot- 
ic lesion on the proximal section of 
the brachial artery (white arrow). 
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Fig 3 Photomacrograph of resected specimen of the right brachial artery showing extensive nar- 
rowing of the lumen. High-power mieroscopical view of inflammatory zone showing infiltra- 
tion of lymphocytes and multinucleated giant cells (arrow). (Hematoxylin and eosin stain, x 


200) 


We decided to perform surgery on the purposes of 
pathologic confirmation of the arterial lesion and restora- 
tion of the blood flow. Under local anesthesia, -he 
stenotic segment of the right brachial artery was resected 
and restored blood flow by the interposition graft with 
autologous saphenous vein. 

After the operation, the patient’s malaise resolved, 
and her hand became warm. The systolic blood pressure 
in the radial artery returned to normal (140 mmHg on 
both sides). On the other hand, she continued to com- 
plain of general fatigue. A week postoperatively, se.ec- 
tive DSA showed that the saphenous vein graft was sat- 
ent but that there was a new stenotic lesion in the proxi- 


mal segment of the brachial artery (Fig. 2). A histologic 
evaluation of the previously resected brachial artery 
specimen showed infiltration of the lymphocytes and 
multinucleated giant cells throughout the arterial wall 
suggesting GCA (Fig. 3). 

Steroid therapy was started, with 50 mg of prednisone 
given daily for two weeks and subsequent gradual taper- 
ing of the daily dose by 5 mg every two weeks. Her con- 
dition including general fatigue improved with the CRP 
level of less than 0.5 mg/L and the ESR level of less than 
50 mm/hour. Selective DSA one month later showed res- 
olution of the new stenotic lesion that was suspected to 
be GCA. 
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DISCUSSION 


GCA is an inflammatory vasculopathy that preferen- 
tially affects medium-sized and large arteries.” The most 
frequently affected vessels are the branches of the exter- 
nal carotid artery, including the posterior ciliary arteries 
that supply the optic nerve. Inflammation of the aorta 
and its branches in the upper extremity can occur but is 
found in only a subset of patients. The subclavian and 
axillary arteries are the proximal aortic branches most 
commonly affected and 1%—2% of patients of GCA may 
present predominately with arm claudication.” Thus, it is 
important to avoid attributing all occlusive arterial dis- 
ease in older patients to atherosclerosis because some 
may have GCA. 

GCA has a wide spectrum of clinical manifestations 
related to both systemic inflammation and ischemia.” 
Although there are no novel laboratory markers for the 
definite diagnosis of GCA, most patients with GCA have 
an elevated ESR. The American College of Rheumatol- 
ogy has included this marker in the criteria for classify- 
ing GCA, However, up to 23% of patients with GCA have 
a normal ESR.” Therefore, the finding of a normal ESR 
is not incompatible with the diagnosis of active GCA. 
The level of CRP has been observed to be a more sensi- 
tive indicator of disease activity than ESR, both at diag- 
nosis and during relapse.” In our case, although the 
patient had some systemic manifestation and high level 
of ESR, she lacks ischemic manifestation of the cranial 
arteries such as headache and jaw claudication. After 
experiencing an atypical case of GCA affecting upper 
extremity artery, we would like to recommend GCA 
should be put in the list of differential diagnosis in 
patients complaining of upper extremity claudication, 
particularly in patients with some systemic manifestation 
and elevated ESR or CRP. 

Positive results on a biopsy evaluation of the temporal 
artery provide confirmation of the diagnosis of GCA. 
Several noninvasive methods for diagnosing the disorder 
have been investigated, including color Doppler sonogra- 
phy and magnetic resonance imaging. However, although 
these techniques provide information about the wide- 
spread nature of GCA, none has replaced the temporal 
artery biopsy for diagnosis. Local signs and symptoms of 
temporal artery involvement may be absent in some 
patients, but a biopsy of the vessel yields positive results 
in about 80% of such patients.” On the other hand, Brack 
et al.” reported that temporal artery biopsy yielded nega- 
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tive results in 42% of patients with large-vessel GCA. 
Tarnoff et al.” reported a case of bilateral superficial 
femoral GCA in which a postoperative histologic assess- 
ment of the superficial femoral arteries confirmed the 
diagnosis, whereas a temporal artery biopsy had negative 
results. In our case, the diagnosis was confirmed by a 
histological study of the resected brachial artery speci- 
men, so a temporal artery biopsy was not done. 

Surgical intervention to alleviate ischemic symptoms 
in an extremity of a patient with GCA is rarely neces- 
sary, but a variety of techniques has been described, 
including implantation of saphenous vein or Dacron 
grafts and endarterectomy.” In general, however, 
attempts at vascular reconstruction for peripheral arterial 
involvement in GCA have been disappointing. In our 
case, we performed surgery to obtain a specimen for a 
histological evaluation of the stenotic lesion and to restore 
blood flow because we considered the patient to be at 
low risk of operative complications. In most cases of 
GCA, treatment with high doses of corticosteroids dra- 
matically suppresses the signs of systemic inflammation, 
and in some cases, blood flow can be restored by use of 
immunosuppression alone.” In suspected cases of GCA, 
beginning steroid treatment before performing a tempo- 
ral artery biopsy to confirm the diagnosis may be justi- 
fied to prevent complications from the disease. In our 
case, the improvement in the lesion in the proximal bra- 
chial artery after steroid therapy was initiated suggests 
that if such treatment had been administered before the 
operation, the initial lesion may have resolved. With 
respect to the use of minimally invasive procedures to 
restore blood flow in cases of GCA, Amann-Vesti et al.” 
reported that balloon angioplasty was effective in treat- 
ing occlusive lesions in GCA patients with severe vascu- 
lar symptoms that persisted despite immunosuppressive 
therapy. 

In conclusion, the diagnosis is difficult to make 
because of the diverse symptoms and varied course of 
GCA. Large-vessel GCA has distinct clinical manifesta- 
tions and often occurs without involvement of the cranial 
arteries. The diagnosis of GCA should be considered in 
some cases of occlusive disease of the upper extremity, 
especially if the patient is an elderly woman. Steroid 
therapy is generally effective for treating GCA. When 
the stenotic lesion is located in the upper extremity and 
arterial short segment, as it was in our patient, surgery is 
useful for confirming the diagnosis and restoring blood 
flow. 
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Complete Rupture of Polytetrafluoroethylene-covered 
Endoprosthesis after Exclusion of a Popliteal Aneurysm 


Issam Abouliatim, MD, Khaoula El Alaoui, MD, Marec Majewski, MD, and Jean-pierre Becquemin, MD 


Popliteal artery aneurysm (PAA) is the most commonly reported peripheral artery aneurysm. The usual 
treatment is exclusion bypass with a saphenous vein. However, the availability of medium size covered stent 
graft is an attractive option. By performing this procedure percutaneously, we can shorten the hospital stay 
of the patient. Favourable early and long-term results have been reported; however, little is known about 
the durability of the procedure. Given the mobile location of the stent-graft close to the knee joint, graft 
damage can be expected. We describe a case of complete rupture of a Viabahn” endoprosthesis which was 


inserted to exclude a PAA. 


Key words: viabahn endoprosthesis, type II endoleak, popliteal aneurysm 


CASE REPORT 


60-years-old man with a history of hypertension 

d hypercholesterolemia and no associated disease 
complained of knee pain. He had been still working and 
practicing sports. Vascular investigations revealed a fusi- 
form and subarticular popliteal aneurysm, 37 mm in di- 
ameter (Fig. 1A) and 40 mm in length (Fig. 1B), with a 
mural thrombus and three patent crural vessels (Fig. 1C). 
Because the patient had refused the bypass procedure, an 
endovascular treatment was chosen. Under local anaes- 
thesia, a covered Viabahn® stent (8 mm x 100 mm) (W.L. 
Gore & Associates, Inc., Flagstaff, Arizona, USA) was 
inserted via an ipsilateral percutaneous femoral puncture. 
Control colour duplex ultrasound at 1 and 9 months 
showed no endoleak and confirmed the patency of the 
stent. At 12 months, the patient had no complaint, but the 
colour duplex ultrasound and computed tomography 
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(CT)-scan showed a large endoleak with an aneurysm 
perfusion. The mechanism of the leak was thought to be 
related to fracture of the stent and complete tear in the 
polytetrafluoroethylene (PTFE) membrane at the level of 
the articular interline (Fig. 2). We attempted to provide 
clear information about this infrequent complication al- 
ready described in active patients. However, the patient 
still refused the bypass procedure as he was asymptom- 
atic. A redo stenting was then successfully performed 
with the same device (Viabahn® stent (8 mm x 100 mm). 


DISCUSSION 


The Viabahn® endoprosthesis (W.L. Gore & Associ- 
ates, Inc., Flagstaff, Arizona, USA), which is a modified 
version of Hemobahn®, is a self-expandable stent; it con- 
sists of an ultra-thin lining of PTFE and an external sup- 
port of nitinol (NiTi = nickel : titanium) extending the 
length of the PTFE to confer this great flexibility. 

Despite its properties, fractures of the nitinol support 
of Hemobahn/Viabahn endoprostheses have been 
described, but complete rupture with both the stent frac- 
ture and tear of the PTFE is rare.’ In these two studies, 
complete rupture was not described as so, even though a 
leak re-feeding of the aneurysm was reported. Moreover, 
no imaging evidence has been reported in order to dem- 
onstrate the type III leakage. The first case was about an 
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Fig. 1 CT scan revealed a fusiform and subarticular popliteal aneurysm. 


A: Axiale view of the popliteal aneurysm (arrows). 
B: Sagital view showed the length of the aneurysm and 
C: Volume rendering image showed patent leg arteries. 


CT: computed tomography 


the mural thrombus. 





Fig. 2. CT scan revealed a complete rupture of a covered Viabahn stentgraft. 


A: Axial view showed the rupture of the covered stent and direct injection of the contrast media within the aneu- 


rysmal sac (arrow), suggesting type ITT endoteak. 


B: Sagital view of MPR image showed thatthe start of the rupture was situated exactly at the level of the supra- 


condylar tubercle. 


C: Volume rendering image showed that the stent followed an angulation precisely to the proximal part of the 


femoral condyles. 


CT: computed tomography 


endoleak between two stents at the overlapping zone: the 
second case was supposed to be related to the fracture 
stent associated with a refilling of the aneurysm but 
authors have been provided any evidences of a direct 
injection of the aneurysmal sac from the prosthesis. The 
incidence of Nitinol fractures is probably underestimated 
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because systematic radiography of the knee is not part of 
the follow-up protocol.” However, this does not apply to 
complete rupture of the PTFE, because colour duplex 
ultrasound and/or CT scan are carried out during follow- 
up in order to detect endoleaks." ” 


Only one case of complete rupture of Hemobahn stent 
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has been reported with peroperative visual identification 
of fabric torn. As described by Koelemay et al., three 
months after insertion of a single Hemobahn stent to 
exclude iterative false aneurysm of the distal anastomosis 
of a subarticular femoropopliteal bypass: it was attrib- 
uted, in part, to balloon dilation of the proximal end of 
the stent and to mechanical constraints due to movements 
of the knee.” In the study of Tielliu et al.” the rate of 
fracture and rupture of stents at 5 and 10 years follow-up 
was 78% and 73%, respectively; risk factors included 
young age (mean, 61 years) and multiplicity of stents. The 
most common site of these incidents was the overlapping 
zone in 93.3% of cases and, more precisely, the supracon- 
dylar tubercle in 73.3%.” It is interesting to note that in 
our 60-year-old patient, the start of the rupture was situ- 
ated exactly at the level of the supracondylar tubercle 
(Fig. 2A and 2B). 

During flexion of the knee, the point of maximal 
angulation of the popliteal artery is level with the 
supraarticular portion of the artery at the superior margin 
of the femoral condyles. In our patient and in full view of 
Fig. IC and 2C, we could speculate that the angulation of 
the stent already marked will be even more important 
after knee flexion. This maximal zone constraints are sit- 
uated 2~3 cm above the articular interline.” 

According to Midy et al.” there are two unfavourable 
anatomic criteria for insertion of a popliteal endoprosthe- 
sis: the excessive tortuosity of the artery and distal spread 
of the aneurismal process, prompting the need for several 
endoprostheses and then increasing the risk of fracture of 
the Nitinol at the overlapping zones. 

Stent fractures usually occur in young people, proba- 
bly because they are more active.” Wensing et al.“ 
showed that changes in the morphology of the femorop- 
opliteal artery occur depending on age. In patients < 30 
years of age with a bent knee, minor arterial tortuosities 
have been noted above the adductor hiatus. In contrast, in 
patients > 45 years of age, one er more tortuosities have 
been noticed below the hiatus. In patients > 60 years of 
age, the tortuosities do not disappear on extension of the 
knee. We could speculate, in those patients, that the 
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angulation of the stent will be marked in extension and 
will be more important after flexion. Indeed, the range 
of motion of the knee, which depends on the activity, can 
favor stent shear stress. This enables the placement of 
covered stents in young subjects who must then be fol- 
lowed closely due to the increased risk of rupture with 


age. 
CONCLUSION 


This case highlights the importance of monitoring 
with colour duplex ultrasound and/or CT scan after using 
the Viabahn” device. One can speculate that the matrix 
of the stent and the PTFE of prosthesis are subjected to 
important mechanical stress especially at the level of 
popliteal artery. 
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Two-stage Surgery for Double Infected Aneurysms in the wi 
Infrarenal Abdominal and Descending Thoracic Aorta 


Kosaku Nishigawa, MD, Atsushi Tabuchi, MD, Hireki Takiuchi, MD. Hiroshi Kubo, MD, Hisao Masaki, MD, 
and Kazuo Tanemoto, MD 


spot vane NEPE AEEA aN 


A 61-year-old man complaining of lumbago and high-grade fever was admitted to our institution. Com- 
puted tomography (CT) revealed a saccular aneurysm in the infrarenal abdominal aorta and blood cul- 
ture results were positive for Streptococcus pneumoniae. He was diagnosed with infected abdominal aortic 
aneurysm, and antibiotic therapy was initiated. Follow-up CT demonstrated a rapidly-enlarging abdomi- 
nal aortic aneurysm and a newly-developed descending thoracic aortic aneurysm. For this case, two-stage 
| surgery consisting of extra-anatomical bypass and in-situ reconstruction using rifampicin-soaked Dacron æ 
graft was performed after an interval of 37 days. The patient was discharged 14 days after the second sur- 


gery without any complications. 


Key words: infected aortic aneurysm, multiple aneurysms, rifampicin-soaked graft 


INTRODUCTION 


o aortic aneurysm is a relatively rare but fatal 
vascular disease; therefore, surgical intervention Is 
indispensable for most cases. The optimal timing of sur- 
gery and the choice of procedures are controversial, espe- 
cially in cases with multiple infected aortic aneurysms, 
which are extremely rare. Herein, we describe a success- 
ful surgical case of double infected aneurysms in the 
infrarenal abdominal and descending thoracic aorta irea- 
ted by two-stage surgery consisting of extra-anatomcal 
bypass with the radical aneurysmectomy of the abdom- 
nal aorta and replacement of the descending aorta using a 
rifampicin-soaked gelatin-sealed Dacron graft. 
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CASE REPORT 


A 61-year-old man was admitted to our institution with 
the chief complaint of lumbago and high-grade fever. On 
admission, his vital signs were normal, including a body 
temperature of 36.7 degrees. Laboratory data showed a 
white blood cell count of 13160 /mm* and C-reactive pro- 
tein (CRP) of 37.65 mg/d]. Enhanced computed tomogra- 
phy (CT) at the time of admission revealed a saccular aneu- 
rysm in the infrarenal abdominal aorta, measuring 46 mm 
in diameter with surrounding inflammation (Fig. LA). 
Blood culture results were positive for Streptococcus 


pneumoniae. Based on these findings, the aneurysm was 


diagnosed as infected, and intravenous administration of 
antibiotics was promptly started. However, the laboratory 
data did not improve, and a follow-up CT performed 6 
days after admission demonstrated not only a rapidly- 
enlarging abdominal aortic aneurysm measuring a maxi- 
mum diameter of 56 mm (Fig. 1B) but also a newly- 
developed, lobulated aneurysm in the descending aorta 
(Fig. 2A). Therefore, we concluded that surgical interven- 
tion should be performed for these aneurysms and 
decided to intervene the aneurysm in the abdominal aorta 
prior to the aneurysm in the descending aorta. 

Firstly, we performed the axillo-bifemoral bypass 
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Fig. 1 A: Enhanced computed tomography (CT) scan at the time of admission revealed a saccular aneu- 


rysm in the infrarenal abdominal aorta. measuring 46 mm in diameter with surrounding inflam- 


mation (arrowhead). 


B: Follow-up CT performed 6 days after admission demonstrated a rapidly-enlarging lobulated aneu- 


rysm measuring a maximum diameter of 56 mm (arrowhead). 





Fig.2 A: Enhanced computed tomography (CT) scan performed 6 days after admission demonstrated a newly- 


developed lobulated aneurysm in the descending aorta (arrow). 


B: Follow-up CT performed 18 days after the initial surgery showing an aneurysm in the descending aorta 


enlarged to the diameter of 48 mm (arrow). 


using the rifampicin-soaked gelatin-sealed knitted 
Dacron graft (Gelsoft plus: Vascutek, Renfrewshire, Scot- 
land) prior to the midline laparotomy. Then the retroperi- 
toneum was opened to expose the aneurysm. The infrare- 
nal abdominal aorta and bilateral common iliac artery 
were clamped, and the aneurysm was opened to identify 
an abscess formation. Subsequently, the aneurysmal wall 
was completely resected with contiguous tissue; then, the 
aortic and bilateral iliac stumps were suture-closed using 
autologous fascial pledget. Both stumps were covered 
with the omental flap after pulsative irrigation of the ret- 


roperitoneal space. 
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Although the patient required thrombectomy for the 
thrombotic occlusion of the prosthetic graft on the opera- 
live day, his postoperative recovery was uneventful. The 
CRP level gradually decreased to 1.6 mg/dl. However, 
CT re-examination performed on 18th postoperative day 
demonstrated that the aneurysm in the descending aorta 
had progressed to the diameter of 48 mm (Fig. 2B). We 
performed the second surgery for the aneurysm 37 days 
after the initial operation. 

With the patient in a right semilateral position, his 
chest cavity was entered through a left thoracotomy over 
the Sth intercostal space. Since his abdominal aorta was 
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Fig. 3 Postoperative computed tomography (CT) scan findings. 


A: CT scan showing successful replacement of the descending aorta, without findings of persis- 


tent or recurrent infection. 


B: Three-dimensional CT scan showing a prosthetic graft of the descending aorta (arrow) and 


the patent axillo-bifemoral bypass graft (arrowheads). 


completely resected at the initial surgery, extracorporeal 
circulation with the femoro-femoral bypass could not be 
established. Therefore, the distal aortic arch and descend- 
ing aorta just above the diaphragm were chosen for drain- 
age and return of the oxygenated blood, respectively. 
Thus, aorto-aortic temporary bypass was established. The 
aneurysm and the adjacent inflamed tissue were radically 
resected, and the descending aorta was replaced with the 
rifampicin-soaked gelatin-sealed woven Dacron graft 
(Gelweave: Vascutek). There were no signs of active 
infection, including the abscess formation. The prosthetic 
graft was then placed to detour around the infected field. 

There were no postoperative complications. The post- 
operative CT scan demonstrated no signs of persistent or 
recurrent infection and the patent axillo-bifemoral bypass 
graft (Fig. 3). The patient was discharged from our insti- 
tution 14 days after the second surgery. 


DISCUSSION 
Despite the progression of medical and surgical man- 
agement for patients with vasculär disease; infected aneu- 


rysms still remain as challenging disorder for vascular 
surgeons to treat with high incidence of arterial rupture 
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and recurrent infection. Specifically, infected aortic aneu- 
rysms are life-threatening disease, and the reported hos- 
pital mortality ranges from 16%-44%." Although radical 
debridement of all the infected tissues, including the arte- 
rial wall, as well as the administration of appropriate 
antibiotics, is essential for the treatment of infected aneu- 
rysm, the optimal timing and appropriate procedure to 
treat are controversial. In the present case, antibiotic ther- 
apies for infected infrarenal abdominal aortic aneurysm 
were not effective, and the infected aneurysm in the 
descending aorta had newly developed refractory to these 
treatments. We planned a two-stage surgery to treat the 
uncontrolled infectious state due to active infected 
abdominal aortic aneurysm prior to the surgery for tho- 
racic aorta. Simultaneous surgery is considered to be too 
invasive and contain a potential risk of paraplegia. 

Two surgical options are available for the treatment of 
infected abdominal aortic aneurysm: extra-anatomical 
bypass and in-situ reconstruction.” ° We usually perform 
extra-anatomical bypass for cases with high fever, leuko- 
cytosis, elevated CRP level, or septic state refractory to 
antibiotic treatment, like the present case. While this pro- 
cedure has the advantage of grafting via an aseptic route, 
the disadvantages are risk of aortic stump blowout and 
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axillo-bifemoral bypass graft infection.” For the preven- 
tion of such fatal complications, we performed suture- 
close of the aortic stump with reinforcement using the 
autologous fascial pledget and omental coverage of the 
stump after pulsative irrigation of the retroperitoneal 
space in this case. In addition, we used the rifampicin- 
soaked gelatin-sealed Dacron graft for axillo-bifemoral 


in-situ reconstruction,” and this procedure also can be 
an effective surgical alternative for the treatment of pri- 
mary infected abdominal aortic aneurysm. Rifampicin- 
soaked graft™® or polytetrafluoroethylene graft” is an 
available conduit for the prevention of postoperative graft 
infection. 

On the other hand, when the infected aneurysm is 
located in the thoracic aorta, it is anatomically difficult to 
perform an extra-anatomical bypass.” For this reason, 
elective surgery in the controlled infectious phase is ideal 
for patients with infected thoracic aortic aneurysm. In the 
present case, we performed in-situ reconstruction during 
the subclinical infectious phase following the initial oper- 
ation. We routinely perform in-situ reconstruction using a 
rifampicin-soaked Dacron graft with the omental cover- 
age for the prevention of graft infection. However, we 
could not perform the omental coverage in this case since 
the omentum had already been used in the initial opera- 
tion. Therefore, we placed the prosthetic graft to detour 
around the infected field after sufficient irrigation of the 
left thoracic cavity. Although the homograft is known to 
be better with regard to prevention of bacterial coloniza- 
tion than the prosthetic graft,” a homograft is not easily 
obtainable under the present medical system in Japan; in 
addition, this biological conduit is not available in our 
institution, 


CONCLUSION 


We have presented a rare case of double infected aneu- 
rysms in the infrarenal abdominal and descending tho- 
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racic aorta successfully treated by two-stage surgery con- 
sisting of extra-anatomical bypass and in-situ reconstruc- 
tion using the rifampicin-soaked Dacron graft. Perform- 
ing the appropriate procedure for the infectious phase in 
cases with multiple infected aortic aneurysms is of the 
utmost importance. 
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_ Traumatic Innominate Artery Pseudoaneurysm 
-inthe Setting of a Bovine Arch 


Alfredo C. Cordova, MD,'? Frank W. Bowen, MD?“ Leigh A. Price, MD,’ 
Stanley J, Dudrick, MD,’ and Bauer E. Sumpio, MD. PhD’ 


Blunt traumatic injury of the innominate artery occurs infrequently but is commonly lethal. Bovine aortic 
arch anatomy is a predisposition to this injury. Clinical findings, chest X-ray, and computerized tomography 
may suggest the diagnosis, and it may be confirmed with angiography. Both interposition and bypass grafting 
are operative repair methods of choice. EEG monitoring confirms cerebral perfusion, thereby allowing the 
deferment of shunts and cardiovascular bypass with hypothermic arrest. We report a case of traumatic 
innominate artery pseudoaneurysm in the setting of “bovine aortic arch” anatomy, together with multiple 
associated injuries, including descending aorta transection. We also review the current literature on the topic. 
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Key words: innominate artery, pseudoaneurysm, bovine arch, great vessel injury 


INTRODUCTION 


eo. artery injury is an infrequent, but com- 
monly fatal, occurrence. The majority of these injuries 
are caused by penetrating trauma, yet 35% are attributed 
to blunt trauma.” ™ It is estimated that 90% of patients die 
in the field or prior to arrival to the hospital.” Nearly 
100% of patients present with associated injuries, includ- 
ing rib fractures (46%), pneumothorax (36%), closed head 
injury, and liver and splenic lacerations.” 

The most common aortic arch branching in humans 
consists of 3 great vessels originating from the aortic arch, 
including the innominate artery, the left subclavian artery. 
and the left common carotid artery (70% of the popula- 
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tion). The “bovine aortic arch” in humans is a misnomer 
and refers to an anatomical variant in which the left com- 
mon carotid artery has a common origin with the innomi- 
nate artery (13% prevalence; 25% blacks and 8% whites) or 
originates directly from the innominate artery (9% preva- 
lence; 10% blacks and 5% whites). The “true bovine aortic 
arch” is present only in cattle and has no resemblance to 
any of the more than 20 different aortic arch configurations 
described in humans. In cattle, a single great vessel origi- 
nates from the aortic arch and gives rise to both subclavian 
arteries and to a bicarotid trunk (Fig. 1).°’ We report a case 
of a patient with a pseudoaneurysm of the innominate 
artery associated with multiple injuries, in the setting of a 
“bovine aortic arch,” secondary to blunt trauma. 


CASE REPORT 


A 32-year-old unhelmeted African American male was 
involved in a motor scooter accident. Chest Roentgeno- 
gram showed a widened mediastinum. Computed tomog- 
raphy of the chest suggested a great vessel injury (Fig. 2). 
Angiography revealed a “bovine aortic arch” and a 
pseudoaneurysm of the innominate artery (Fig. 3). In 
addition, he presented with a descending thoracic aorta 
transection at the level of the ligamentum arteriosum, right 
flail chest, bilateral hemo-pneumothoraces, grade 2 liver 
laceration, and multiple spinal fractures with no neurologi- 
cal deficits. The patient underwent innominate artery 


Annals of Vascular Diseases Vol. 4, No. 3 (2011) 











Traumatic Innominate Artery Pseudoaneurysm 


Right Left Right Left 
Carotid a Carotid a Carotid a Carotid a Loft 
Left Right > 
ane 4 bi Vertebral a a ra a 


Vertebral a Sa 










. Lane a 
A [ = 
f J : 


Left 
Right Subciavian a 


Subclavian a 





Innominate a 















Right 
Subclavian a 


innominate é 


Left 
Subciavian a 





A B 





C D 


Fig. 1 (A) “Normal aortic arch” anatomy, (B) “Bovine 
aortic arch,” (C) “Bovine aortic arch,” (D) true 
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Fig.2 Computerized tomography showing 2.1 x _.6 cm lesion 
suspicious for an innominate artery pseudoaneurysm. 
Significant subcutaneous emphysema evidenced on the 
upper chest wall bilaterally (arrows). 


pseudoaneurysm repair with an interposition graft 
(Dacron'™) from the ascending aorta (end-to-side anasto- 
mosis) to the right carotid-subclavian junction (end-to-end 
anastomosis) (Fig. 4). Heparin was administered by IV 
bolus prior to cross clamping the vascular structures. Intra- 
operative EEG monitoring was used continuously as an 
operative adjunct and confirmed adequate right cerebral 
hemispheric blood flow through the circle of Willis during 
50 minutes of innominate artery cross clamping. Subse- 
quently, a thoracic aortic stent graft (Goretex™) was placed 
endovascularly to treat the descending aorta transection. 
Surveillance was undertaken to detect intra-abdominal 
bleeding in consideration of the presence of a liver lacera- 
tion in the setting of intraoperative anticoagulation. Post- 
operatively, the patient developed deep vein thrombosis 
and ventilator-associated pneumonia, from which he recov- 
ered, and he was discharged ambulatory to home on the 
30th post-operative day with no subsequent complications. 
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Fig.3 Angiography demonstrating the bovine arch anatomy 
and a pseudoaneurysm (arrow) at the mid-portion of the 
innominate artery. 


DISCUSSION 


The innominate artery is the second most common site 
of blunt injury to the aortic arch vessels, the most common 
site being the aortic isthmus distal to the left subclavian 
artery.” °’ It usually occurs at the origin of the innominate 
artery from the aortic arch,” and can be caused by deceler- 
ation or crush injuries secondary to a motor vehicle crash 
or fall from a great height.” °’ However, penetrating injuries 
more frequently cause innominate artery disruptions. Most 
patients die at the scene of the injury, but those who sur- 
vive transportation to a medical facility are usually stable. 

Karmy-Jones has reported the largest series of this 
injury.” In a retrospective study over a 5-year period, his 
team recognized 66 patients with aortic or great vessel 
injury, but only 8 patients presented with a blunt innomi- 
nate artery disruption. He also reported that most of these 
injuries were proximal to the origin of the innominate 
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Fig. 4 (A) Bovine aortic arch anatomy. (B) Injuries at the level 
of the innominate artery and the descending aorta. (C) 
Interposition graft from the ascending aorta to the distal 
innominate artery just proximal to its bifurcation. (Ð) 
Endovascular graft of the descending aorta. 


artery, and constituted 75% of his series. Depending on 
the location of the pseudoaneurysm, it was defined as 
proximal if < than 0.5 cm from the origin, distal if < than 
0.5 cm from the innominate artery bifurcation, and mid- 
dle if between the proximal and distal locations.” The 
prevalence of bovine arch anatomy is 22% and is more 
common in the black population. It is believed that this 
anatomic variant carries with it a relative predisposition 
for sustaining blunt injury at the innominate artery due to 
the decreased number of fixation points on the aortic 
arch. Secondary to blunt trauma, the innominate artery is 
compressed between the sternum and the spine, and the 
resulting shear forces cause a tear or transection.” ” This 
anteroposterior compression of the mediastinum between 
the sternum and the vertebrae displaces the heart posteri- 
orly and to the left, increasing the curvature of the arch 
and causing tension on the outlet vessels. In addition, 
hyperextension of the cervical spine and left lateral head 
rotation places traction on the right carotid artery, which 
imposes further tension on the innominate artery.’ In our 
patient, shearing of the artery by posterior displacement 
of the manubrium was the cause of the injury. Injuries to 
this common trunk jeopardize the vascular integrity of 
both carotid arteries and the right vertebral artery.” 


254 


Clinically, this injury may be associated with supra- 
clavicular hematoma, bruit, pulse deficit, and a shoulder- 
belt sign (ecchymosis from the base of the right neck to 
the chest).”’ Screening chest X-rays and computerized 
tomography may suggest the presence of this injury, 
which is confirmed by angiography, the gold standard 
study.” Chest X-ray usually shows widening of the supe- 
rior mediastinum, particularly on the right side. Standard 
computerized tomography is insufficient to confirm or 
rule out this injury, as visualization of the aortic arch 
anatomy is not reliable. CT angiogram with 3-D recon- 
structions may supply sufficient information to establish 
the diagnosis and permit operation, however, if it is non- 
conclusive, angiography might still be required. Chu, et 
al., reported a case of associated aortic valve rupture and 
proposed that all patients with blunt innominate artery 
injury should undergo a transesophageal echocardiogra- 
phy to evaluate the integrity of the aortic valve and to aid 
in the assessment of ascending and descending aorta.” 

Surgical exposure is achieved by the use of a median 
sternotomy,” which effectively allows control of hemor- 
rhage and repair of the injury. With this approach, injuries 
to the ascending aorta, innominate artery, and left com- 
mon carotid artery can be exposed. For injuries to the left 
subclavian artery or the descending aorta, a left thoraco- 
tomy is necessary.” Interposition or bypass graft, with or 
without shunts; cardiopulmonary bypass with hypother- 
mic arrest; and combined endovascular and open repairs 
have been proposed as approaches to treating this injury. 
In this case, interposition graft was considered ideal, and 
was performed without shunting because the information 
obtained by continuous intraoperative EEG monitoring 
confirmed adequate cerebral blood supply after cross 
clamping the vasculature. This injury was surgically man- 
aged by performing a proximal side-to-end anastomosis 
of the graft to the ascending aorta and a distal end-to-end 
anastomosis of the graft to the innominate artery, fol- 
lowed by closure of the aneurysmal lesion. Cardiopulmo- 
nary bypass has been used for repair of these injuries and 
is usually performed in the absence of concomitant neuro- 
logical injury. However, it is required only if there is evi- 
dence of heart failure.” Hypothermic circulatory arrest 
may also be necessary in patients with extensive aortic 
calcification. Endovascular approaches have also been 
reported.” In our case, an endovascular approach was not 
possible because an adequate distal innominate artery 
“landing zone” was not available. Distal injuries may 
require the use of Y-grafts. Resection of the aneurysm 
and primary anastomosis have been proposed for lesions 
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not associated with extensive tissue loss or tension.” Ret- 
rograde cerebral perfusion has been associated with post- 
operative neurological dysfunction, however, some 
authors dispute this. It also extends operating time and 
may cool the brain down an additional 10°C.” 

Cerebral perfusion is maintained through retrograde 
flow from the subclavian and vertebral arteries after plac- 
ing the vascular clamps proximal to the subclavian- 
carotid artery bifurcation.” Angiogram may confirm 
adequate collateral supply via the Circle of Willis. Also, 
back bleeding and stump pressure may demonstrate ret- 
rograde blood flow from the contralateral vertebral 
artery.” During the vascular repair in our patient, cerebral 
circulation was reassured through the use of EEG moni- 
toring, whereby we traced 4 leads of each hemisphere. 
While bilateral symmetry and amplitude of the EEG con- 
firms adequate cerebral perfusion, a decreased amplitude 
or electrical silence indicates inadequate flow and trig- 
gers the neurophysiologist to alert the surgeon to secure 
cerebral perfusion. In our case, encephalic electric wave 
symmetry was observed throughout the case, and neither 
cardiopulmonary bypass nor shunting was necessary. 

Risk of systemic anticoagulation in the presence of 
known liver laceration demanded aggressive surveillance. 
Although anticoagulation carries an increased risk of 
associated intra-abdominal or orthopedic bleeding, it usu- 
ally does not manifest itself if diagnosed and managed 
appropriately prior to the vascular procedure.” 

Studies have shown that preoperative central nervous 
system deficits are associated with higher mortality.” In 
the presence of cerebral injury, surgery is usually delayed, 
and endovascular repairs should be considered. This 
should also apply to those patients with significant 
comorbidities that preclude major surgical interventions. 
A relatively central innominate artery injury is required 
in order to secure adequate “landing zones” for the endo- 
vascular prosthesis proximally and distally. It has been 
proposed that endovascular grafts are best deployed via 
the right common carotid artery, thus allowing a direct 
approach to the brachiocephalic artery.” Johnston, et al., 
reported a 30 year experience in which associated injuries 
increased the mortality from 8 to 30%.’ Most series 
advocate prompt or immediate repair; however, some 
have demonstrated the feasibility of delayed repair.” 


CONCLUSION 


In a trauma setting, the presence of bovine arch anat- 
omy predisposes patients to great vessel injury and com- 
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plicates repair. Chest X-ray, computerized tomography, 
CT angiography may suggest the diagnosis, but angi- 
ography is the preferred confirmatory test. Interposition 
graft from the ascending aorta to the distal innominate 
artery constitutes the treatment of choice. Intraoperative 
continuous EEG monitoring is a useful adjunct, as it can 
provide vital information regarding cerebral blood flow, 
and may simplify reconstruction by avoidance of more 
complex shunting, or circulatory arrest with retrograde 
cerebral perfusion. Despite the low frequency and high 
lethality of this injury, early recognition and prompt 
repair usually yield good results. Because of the high risk 
of rupture of an injured innominate artery, especially in 
the setting of a “bovine aortic arch,” urgent definitive 
diagnosis and judicious operative management are man- 
datory for achieving optimal outcomes. 
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Focal Renal Arterial Fibromuscular Dysplasia Demonstrated 
via Intravascular Ultrasound Image 


Osamu Ogawa, MD, Ritsuo Watanabe, MD, Hiroshi Shimizu, MD, and Fumiaki Masani, MD 


| A young male suffering from renovascular hypertension was admitted. His initial arteriogram highlighted 
| a focal stenosis of the right renal artery. His intravascular ultrasound (IVUS) revealed increasing medial 
| layer thickness accompanied by a mixture of both high and low echoic materials in this layer. There was 
| also mild thickening of the intimal layer. The diagnosis of medial fibroplasia and intimal fibromuscular 


nism of dilatation by angioplasty. 


dysplasia (FMD) was made. Balloon angioplasty decreased the volume of dysplastic tissue. The IVUS 
images facilitated both the initial diagnosis of focal renal arterial stenosis and the evaluation of the mecha- 


Key words: fibromuscular dysplasia, intravascular ultrasound, percutaneous renal angioplasty 


INTRODUCTION 


— dysplasia (FMD) is a group of both 
non-atherosclerotic and non-inflammatory vascular 
diseases.’ Although the strict diagnosis of FMD should 
be decided via histopathological examination, the gold 
standard for diagnosing FMD is an arterial angiogram. 
The characteristic “string-of-beads” feature is found in 
the majority of such patients. In focal and tubular FMD 
stenosis cases, a differential diagnosis also needs to be 
performed. Such arterial diseases include both athero- 
sclerotic and/or inflammatory types. IVUS is a useful 
tool, in addition to the angiography for evaluation of both 
the anatomical changes of structures of the vessel layer 
and observation of tissue characteristics. Currently, it 1s 
understood that publications related to IVUS images of 
focal or tubular types of FMD are limited. This report 
therefore presents IVUS images of focal type FMD. 
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CASE REPORT 


A 20-year-old man with resistant hypertension was 
admitted. He suffered from occasional headaches over a 
period of two years. His blood pressure was approxi- 
mately 180/110 mmHg, despite consistently following his 
prescription of calcium channel blockers over a period of 
six months. Although the previous medical history was 
sound, his grandparents had suffered as well from hyper- 
tension. A closer inspection of secondary hypertension 
was carried out. Urinalysis showed proteinuria, while the 
blood chemistry demonstrated normal renal function. 
However, both plasma aldosterone concentration (PAC) 
and plasma rennin activity (PRA) were elevated (PAC 
was 39.2 ng/dL, PRA was 37.39 ng/mL/hr). In the abdom- 
inal duplex scanning, peak systolic velocity of the right 
renal artery and renal aortic ratio of his right kidney were 
high (303 cm/s and 2.0 respectively). Enhanced abdomi- 
nal computed tomography revealed a severe focal stenosis 
in the mid portion of his right renal artery. Renal arterial 
stenosis with both hyperreninemia and hyperaldosterone- 
mia indicated the diagnosis of renovascular hypertension. 
Since this patient was a young adult with no other athero- 
sclerotic risk factors, and since the arterial lesion existed 
in the mid portion of the renal artery, it was suggested to 
be caused by a non-atherosclerotic mechanism. 

The renal angiography showed focal severe stenosis in 
the mid portion of his right renal artery (Fig. LA). 
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The IVUS Image of Focal Renal FMD 


Fig. 1 The right renal arteriographies before (A) and after 
(B) angioplasty. The left panel shows discrete focal 
stenosis in the mid portion of the right renal artery. 
Diameter stenosis decreased from 74 % to 14 % as 
quantitatively measured in angiographies. 
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Fig. 2 Intravascular ultrasounc (IVUS) images along inside of the right renal artery. Alphabeti- 


cal order of the images as arranged in the positional order of the artery. Example, A. is 


the most distal site and G. is the most proximal site of the artery. H. is a magnified image 


of the lesion (D): a. is the outer line of media and b. is the endoluminal line of the artery. 


A percutaneous renal angioplasty of this lesion was per- 
formed. A single 20-MHz transducer (Eagle Eye, 2.9 Fr.. 
Volcano, Fukuda Denshi Co) using auto-pullback system 
(0.5 mm/s) was employed to observe this lesion before and 
after angioplasty. Before angioplasty, the reference vessel 
diameter (measured between external elastic membranes) 
was about 4.8 mm and the minimal luminal diameter at 
the lesion was approximately 2.1 mm. The length of lesion 


was approximately 9.8 mm. Neither arterial stenosis nor 


arterial wall abnormalities were observed other than in 
this lesion (Fig. 2). Initially, the renal artery appeared to 
be negatively remodeling around the lesion. The cross- 
sectional area surrounded by internal high echoic lines 
appeared to diminish (the vessel appeared to be shrunk). 
Following further observation, eccentric medial thicken- 
ing between internal high echoic line and outer high 
echoic line was coexisting with mild intimal thickening 
(from 4 o'clock to 11 o’clock in cross-sectional view of the 
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IVUS image in Fig. 2D and 2H). Furthermore, mottled 
mixtures of high and low echoic material in this thicken- 
ing medial layer were recognized. An eccentric ridge due 
to medial thickening with mild intimal thickening caused 
narrowing of the vessel (Fig. 2H, Fig. 3A and 3C). These 
findings were clearly different from that of an atheroscle- 
rotic lesion. The high echoic materials in this thickened 
media perhaps signified elastin and collagen deposition in 
this layer. This, in turn, might be compatible with medial 
FMD. Intimal and subintimal layers also mildly thickened 
and appeared highly echogenic. A final diagnosis of the 
renal arterial lesion as a medial fibroplasia coexistent with 
mild intimal FMD was made. 

A balloon angioplasty (balloon diameter of 4.5 mm) on 
this lesion was performed, which resulted in successful 
dilatation of stenosis without stent implantation (Fig 1B). 
After angioplasty, the IVUS images showed a decrease in 
thickness of eccentric ridges of the medial layer (from 2.6 
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mm to 1.3 mm), while a thickness of intimal layer (which 
was thickening mildly) also decreased (from 0.9 mm to 
0.5 mm). There was a residual thickening layer from 3 
o'clock to 7 o'clock in cross-sectional view of the IVUS 
image in Fig. 3B. The vessel diameter showed little 
change. In sum, a significant reduction in volume of the 
dysplastic tissue occurred through the balloon angio- 
plasty. Following angioplasty, the minimal luminal diam- 
eter at the lesion increased to 4.4 mm. Area stenosis 
decreased from 84.2 % to 22.6 % (Fig. 3). Such findings 


suggested that the primary mechanism of dilatation of 


this focal FMD lesion could have been crashing and/or 
cracking of thick and dysplastic layers. This also sug- 
gested that diseased layers with fibroplasia might be 
softer than expected. 

Following angioplasty, the patient’s blood pressure 
gradually returned to normality (approximately 120/80 
mmHg) without the use of antihypertensives. His renal 
function remained to be normal. Seven months later, a 
peak systolic velocity of the right renal artery was 107 
cm/s, and the right renal aortic ratio was 0.8 in abdominal 
duplex scanning. 


DISCUSSION 


FMD is a group of dysplastic changes of one or more 
layers of medium-sized or large arteries. ” FMD most 
commonly affects the renal and internal carotid arteries. 
Although the disease consists of a heterogeneous group 
of histologic changes, FMD lesions show dysplastic 
changes (pure hyperplasia in rare cases) of fibrous, 
smooth muscles or fibromuscular tissue. In such cases, 





Fig. 3. Upper panels: The IVUS images at the 
minimal luminal lesion before (A) and 
after (B) angioplasty. Lower panels: 
The reconstructed longitudinal IVUS 
image around the lesion of the right 
renal artery before (C) and after (D) 
angioplasty. 


there is neither lipid deposition nor inflammatory cell 
infiltration. FMD occurs predominantly in young to mid- 
dle-aged female individuals with a predilection for dis- 
ease in the right renal artery. Although a variety of 
genetic, mechanical and hormonal factors have been pro- 
posed, the actual cause of FMD remains unknown. 

A pathological classification of renal artery FMD was 
proposed by McCormack et al.” It was based on the 
dominant arterial wall layer involved: the intima, media 
or adventitia. Intimal FMD, which accounts for 5 % of 
renal artery FMD cases, is characterized by irregularly 
arranged mesenchymal cells within a loose matrix of sub- 
endothelial connective tissue and a fragmented internal 
elastic lamina. Medial FMD accounts for up to 95 % of 
cases, and has been further subdivided into medial fibro- 
plasia, perimedial fibroplasia, and medial hyperplasia.” 
Perimedial fibroplasia implies a predominance of fibrous 
tissue, and the proliferation is primarily at the junction of 
the media and adventitia. Pure medial hypertrophy is rare 
and represents a concentric hypertrophy of the medial 
wall. This is relatively smooth, lacking fibrosis, and 
causes severe stenosis. In adventitial fibroplasia (the rarest 
type of FMD), the primary lesion is a dense collagenous 
replacement of the loose fibrous tissues of the arterial 
adventitia. The above types are not mutually exclusive; 
indeed, medial and perimedial FMD lesions can coexist 
in the same arterial segment. Furthermore, more than one 
arterial layer can be involved in the same patient.” 

The lesions in some types of FMD are of a homoge- 
nous appearance of elastic tissue that presents itself as a 
multiple stenosis interspersed with aneurismal outpouch- 
ings. Such pathologic changes are demonstrated by a 
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“string-of-beads” appearance via angiogrephy.*~” The 
“string-of-beads” appearance, which angiographically 
characterized medial FMD, occurs in about 79 % of cases. 
Specific features of adventitial or intimal FMD cannot be 
shown using angiography.*~” Focal or tubular angio- 
graphic aspects cannot be related to specific histological 
lesions. In cases with focal and tubular FMD stenosis, dif- 
ferential diagnoses are atherosclerotic or inflammatory 
arterial disease, vascular Ehlers-Danlos and Williams’ 
syndromes, and type 1 neurofibromatosis, etc.” FMD 
lesions are typically truncal or distal, as opposed to ath- 
erosclerotic stenosis, which are mostly ostial or proximal. 

Ultrasonography relies on differences in both tissue 
reflectivity and sound penetration to determine tissue com- 
position. Smooth muscle or lipid-containing plaques are 
hypo-echoic, whereas fibrous tissue, collagen, elastin, or 
calcified plaque are hyper-echoic. In this manner, current 
ultrasound imaging provides the capability for an in-vivo 
pathologic examination. IVUS is a method for detecting a 
diseased arterial wall anatomy which can be underesti- 
mated or even completely inapparent from angiography. 
Furthermore, IVUS can identify all three layers of an 
artery and also detect the mostly involved laver of a dis- 
eased artery. The published reports about relation of IVUS 
images with histopathological findings of renal FMD are 
presently limited. Although several reports show the rela- 
tion of IVUS image with the “string-of-beads” type FMD, 
there are few reports about focal renal FMD.* Further- 
more, most of publications make little mention of the path- 
ological evaluation of the lesions and describe only both 
the evaluation of the lesion form (size) and how to use the 
IVUS as a decision maker of interventional strategy. 

In this present case, IVUS revealed which layer was 
involved, what ultrasound findings appeared in each layer, 
and how the diseased layer changed by angioplasty. The 
appearance of mottled high echoic materials in the medial 
layer may indicate existence of fibrous tissue, collagen 
and elastin in this layer and disorganization of this tissue, 
as well. Although this lesion represented as a focal steno- 
sis on the angiography, it instead was medial fibroplasia, 
possibly with mild intimal fibroplasia. The medial fibro- 
plasia is a major type of FMD, and 60%—70% of this type 
show “string-of-beads” appearance via angiography.” 
IVUS was useful in differentiation of FMD from athero- 
sclerosis in such a focal stenosis type via angiography. 
Furthermore, IVUS images were useful in not only the 
evaluation of both the lesion diameter and lesion form, but 
also decision making of both balloon size and end point 
of strategy. In this case, IVUS images also suggested a 
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mechanism of dilatation of this FMD lesion. ` 

Although IVUS can’t give full information about his- 
topathological change, it is able to indicate which layer is 
predominantly involved in the lesion. Furthermore, it also 
suggests tissue characteristics according to echogenic 
types, as well. Such information enables comprehensive 
understanding for a correct diagnosis. 

In conclusion, the potential value of IVUS imaging is 
investigated as a way to overcome the limitations of angi- 
ography in characterizing the renal artery structure. 
IVUS imaging is feasible and can be conducted without 
significantly prolonging the procedure time or increasing 
the risk of complications. 
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? Special Article Series: Diagnostic Imaging Š 


Magnetic Resonance Angiography of the Aorta 


Yasuo Takehara, MD, DMSc,' Shuhei Yamashita, MD, PhD,* Harumi Sakahara, MD, PhD,? 
Takayuki Masui, MD, PhD,’ and Haruo Isoda, MD, PhD* 


Magnetic resonance angiography (MRA) is capable of imaging arteries in the half to whole body by a 
single acquisition without a nephrotoxic contrast medium, and acquired images can be reconstructed into 
a specific cross-sectional view in an arbitrary directions. MRA is applicable for vessels non-reachable 
by a catheter approach, and collateral vessels can be fully visualized. Since MRA is minimally-invasive 
with no exposure to ionized radiation, it can be repeatedly applied for follow-up. However, there are also 
disadvantages: the temporal and spatial resolutions are inferior to those of X-ray angiography, and, at 
present, it cannot be used as a guide for intervention. Moreover, gadolinium administrations may cause 
NSF in patients who have lost renal function, as a new risk. Accordingly, strict consideration is required 
for an indication of its application. Development of non-contrast MRA and evaluation of the wall itself 
may draw more attention in the future. Plaque imaging is being routinely performed nowadays, and 
the measurement of vascular wall shear stress, which has a close association with arteriosclerosis, may 
become possible by utilizing the time-resolved phase-contrast method capable of measuring the time- 
resolved velocity vectors of blood flow throughout the body. (*English Translation of J Jpn Coll Angiol, 


2009, 49: 503-516.) 


Keywords: contrast-enhanced MRA, non-contrast MRA, flow analysis, atherosclerosis 


ADVANTAGES OF MR ANGIOGRAPHY 


he current modalities to evaluate aortic pathologies 
include digital subtraction angiography (X-ray DSA), 
X-ray CT, Doppler ultrasonography (US), and intra- 
vascular ultrasonography (IVUS). Of these, magnetic 
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resonance angiography (MRA) is recommended for the 
following reasons: 


1) MRA is a modality without nephrotoxicity 


Generally, patients requiring imaging of the aorta 
have underlying diseases likely to lead to renal dysfunc- 
tion, such as diabetes and arteriosclerosis, for which the 
risk of X-ray angiography using iodinated contrast media. 
X-ray contrast media employs iodinated contrast media, 
which have been reported to be one of the major factors 
of hospital-acquired renal insufficiency.) Many patients 
indicated for lower limb X-ray angiography are compli- 
cated by diabetes and renal stenosis due to arteriosclerosis 
and have renal dysfunction, and the risk of iodinated 
contrast medium-induced renal failure is greater than 
that in patients with other diseases. 

The nephrotoxicity of gadolinium contrast medium is 
very low,” and moreover, non-contrast imaging may also 
be selected if necessary, although the image quality may 
not be satisfactory. MRA and US are the only imaging 
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methods applicable for vascular evaluation without a 
concern for renal function in patients at risk of a declin- 
ing renal function. MRA is superior for maintaining the 
renal function among contrast imaging methods. 

After the non-nephrotoxicity of gadolinium became 
widely known, X-ray DSA with the arterial administra- 
tion of a large amount of gadolinium chelates had been 
attempted. It has been reported that intravenously ad- 
ministered gadolinium is mostly non-nephrotoxic, but, 
considering its high osmolality, it has been controversial 
whether it is completely non-nephrotoxic when intra- 
arterially administered.” 

Nephrogenic systemic fibrosis (NSF) is the additional 
concern when a large amount of contrast medium is 
administered for X-ray DSA or MRA, because a dose- 
dependent risk is known for NSF.”? 


2) No requirement of catheter approach to the target 
artery 


MRA is capable of imaging blood vessels in any region 
of the body even in patients with bilateral femoral arterial 
obstructions and bilateral brachial and axillary arterial 
obstructions for which the Seldinger’s technique is not 
applicable. Translumbar aortography with direct puncture 
of the abdominal aorta (Dos Santos method), which 1s 
very invasive and high-risk, was previously applied for 
patients with obstructions of the femoral, brachial, and 
axillary arteries in which the Seldinger technique was 
non-applicable. 


3) Three-dimensional data collection by a single ac- 
quisition (possible to observe an arbitrary section) 


Since MRA is capable of 3-dimensional display, ob- 
servation from various directions is possible on single 
contrast medium injection. To acquire images in various 
directions on X-ray angiography, contrast medium has to 
be injected each time (imaging of each region is neces- 
sary when imaging with table-moving acquisition is not 
possible), which is unfavorable because it affects renal 
function but also leads to an extra cost. 


4) Collateral vessels are not missed 
Since contrast-enhanced MRA is performed through 
transvenous contrast administration, all collateral vessels 


and bypasses can be depicted (Fig. 1). In the catheter 
method, only downstream blood vessels from the injected 
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Fig. 1 Three-dimensional contrast-enhanced MRA of a middle- 
aged woman with coarctation of the aorta. There is a short 
segment of stenosis at the proximal portion of the thoracic 
descending aorta (—) after it branches to the left subcla- 
vian artery. Note numerous collaterals that developed 
in the thoracic wall are well depicted in this contrast- 
enhanced MRA, which cannot be entirely delineated by 
a single catheter technique. 

MRA: magnetic resonance angiography 


site are imaged. For example, in patients with obstruction 
of the abdominal aorta through the common iliac artery, 
collateral vessels through the thoracic wall (internal 
mammary artery) and abdominal walls (inferior epigas- 
tric artery) are important, but individual imaging of all 
these vessels employing the catheter method requires 
approaches to many blood vessels, which is very complex 
and requires repeated catheter approaches, contrast me- 
dium administration, and exposure to ionized radiation. 


5) Simple post-processing 


In MRA, high-intensity regions are mostly limited 
to vascular lumens, which can be easily processed after 
acquisition. This is a marked advantage of image recon- 
struction compared to CT, which requires the removal of 
high density structures, such as bone and severe calcifica- 
tion of vascular walls. 
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6) Appropriate for follow-up after interventional 
treatment 


Generally, vascular imaging is repeated after treatment 
to evaluate and follow the effect of various interventions 
(surgical, radiological, and pharmacological interven- 
tions), but repeated angiography employing the invasive 
catheter method is unfavorable regarding the QOL of 
patients as well as medico-economic viewpoint. MRA 
should be employed for follow-up because of its appli- 
cability for outpatients, reasonable cost, and low risk. 


DISADVANTAGES OF MRA 
1) Poor spatial resolution 


The spatial resolution of MRA is poor compared to 
other imaging methods, and subtle stenosis and irregu- 
larities of the walls may not be identified. 


2) Walls cannot be visualized with routine MRA 


Since MRA is a luminography, lumens are visualized, 
but walls are not. The addition of IVUS may be necessary 
to evaluate the vascular wall before intervention. The im- 
portance of imaging the wall in MR has been increasingly 
recognized, and plaque imaging has been attempted,’ but 
no general plaque evaluation method has been established 
yet. Recently, for the coronary artery, evaluation of not only 
narrowing of the vascular lumen but also atheroma of the 
wall has been attempted to identify whether atheroma is 
likely to rupture. Although it is less necessary for the aorta 
compared to that for the coronary artery, cerebral infarction 
caused by rupture of atheroma of the aortic arch has been 
reported. Therefore, it is useful to know the severity of 
aortic atheroma before stenting. In the current situation, at 
least axial Tl-weighted images (fat suppression imaging is 
desirable) should be additionally acquired (before and after 
contrast imaging), and black blood technique or diffusion- 
weighted images should also be acquired, if possible. 


3) The presence or absence of wall calcification cannot 
be identified 


CT may be employed for diagnosing aortic dissection, 
where deviated calcified intima or media may be a clue 
to its diagnosis, but it is less likely that information on 
calcification is essential for enhanced MRI. 
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4) Evaluation of the stent-placed region is impossible 


When a metal stent is placed, local signals of the stent- 
contacted arterial wall are lost. The patency of the stented 
region can be evaluated only by assessing the upstream or 
downstream regions of the stent and based on collateral 
vessel formation. 


5) Contraindications of MR 


There are contraindications characteristic to MR, 
such as placement of a cardiac pacemaker or other metal 
devices. 


6) Direct transition to intervention from imaging is 
impossible 


At present, MR guided stenting and balloon angio- 
plasty remain at an animal experimental level. 


7) Caution is necessary for applications in renal fail- 
ure patients 


There is a risk of nephrogenic systemic fibrosis (NSF) 
in contrast-enhanced MRA, although it is small. In Japan, 
the incidence of NSF is one in 1000000 administration of 
gadolinium chelates, estimated from the consumption of 
gadolinium contrast media. Although single dose has rou- 
tinely been used in many Japanese institutions, a double 
dose, triple dose or more contrast medium has been used 
mainly in Western countries for contrast enhanced MRA 
with gadolinium chelate, aiming at high-quality imaging 
with less artifacts.’ Whole body MRA has also become 
applied with improvement of the performance of MR 
devices. However, enhancement cannot be maintained in 
the lower limbs by a single dose as larger field of view was 
required, for which a large volume, such as 40-60 mL, 
of contrast medium was administered in some cases in 
Western countries. The problem of NSF occurred in the 
midst of this trend and held off administration of high- 
dose gadolinium, 

Since chelated gadolinium preparation is mostly non- 
nephrotoxic as long as it is intravenously administered, 
chelated gadolinium contrast media should be prioritized 
over iodinated contrast media for patients with a predis- 
position to renal dysfunction. Inversely, for patients who 
have completely lost renal function, examination using 
an iodine contrast medium should be prioritized, rather 
than gadolinium. 
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The incidence of NSF may be very low as long as 
administration at the normal dose (0.1 mmol/kg) is 
complied with.” The risk of NSF increases when eGFR 
is 30 mL/min/1.73 m? or lower. 


MR IMAGER 


Since the static magnetic field strength is proportional 
to the expected signal-to-noise ratio (SNR), high-field 
devices are desirable for MRA. It has been reported 
that the SNR of MRA images acquired using a 3-Tesla 
device, which has recently been introduced, is more fa- 
vorable than that acquired using a 1.5-Tesla device. Since 
shorter repetition (TR) and echo (TE) times are desirable, 
a high-performance gradient system is desirable. When 
TR is short, longitudinal magnetizations of the back- 
ground tissue are not given time for relaxation. Thus, 
the background signal is almost 0, increasing vascular 
contrast, and a short TE reduces the phase disruption 
of blood flow in voxels of acquired images and retains 
blood flow intensity. 

To improve SNR, it is desirable to combine surface 
coils possessing independent receivers. The first purpose 
of this is to improve SNR, but it is also useful to increase 
temporal resolution by combining parallel imaging and 
reduce SAR at 3 Tesla, mainly by reducing RF power. 
Some recent models of MR acquisition systems are 
equipped with surface coils covering a long range in 
the cephalocaudal direction, in which coil attachment 
and detachment are not necessary even when images 
are acquired while sliding the table. Installed coils are 
sequentially activated from the upper toward the lower 
region with table movement. Combining multichannel 
surface coils with the recent high-speed acquisition tech- 
nique, parallel imaging (such as SENSE and SMASH), 
the acquisition time can be shortened, or favorable spatial 
resolution can be obtained even if the acquisition time 
is the same. 

As the latest technique, a system to reduce signal 
interference through several transmitting and receiv- 
ing coils using RF with different wavelengths (parallel 
transmission) has been published. 


ACQUISITION TECHNIQUE 


MRA are roughly divided into 2 types: contrast and 
non-contrast MRA. Previous standards of non-contrast 
MRA included time-of-flight method and phase contrast 
method, however; investigations of the practical use of 


non-contrast methods has recently been making progress, 
such as a method utilizing cardiac phase shifts of systolic 
and diastolic phases and a method utilizing spin label- 
ing. Previously, providing reliable and stable vascular 
visualization by employing contrast-enhanced MRA 
was the main trend, and various modifications have been 
made, but physicians came to hesitate to apply contrast- 
enhanced MRA to patients who had lost renal function 
after the problem of NSF emerged. In this context, non- 
contrast MRA has recently been attracting attention. 

Since arterial diseases are systemic diseases, it is de- 
sirable to include all arteries in the body including the 
aorta in the field of view. 


1) Contrast-enhanced MRA (field of view and tem- 
poral resolution) 


a) Table-moving MRA (also termed moving bed MRA, 
smart step MRA, or bolus chase MRA) 

In this procedure, contrast-enhanced MRA of a large 
field of view can be acquired on a single injection of 
contrast medium while shifting the field of view from the 
abdominal through the pelvic, femoral, and calf regions. 
Bolus injection of contrast medium is necessary for 
imaging the abdominal region. When the intra-arterial 
contrast medium concentration reaches a specific level 
after this injection, contrast medium is then addition- 
ally administered at a dose to maintain the intra-arterial 
concentration level for subsequent imaging of the lower 
limbs. Infusion can be set at a low rate of 0.5-1.0 mL/s. It 
is possible to acquire an arteriogram of almost the whole 
body by connecting images of several regions, but this 
method is basically capable of acquiring MRA of only a 
single time phase. Thus, the patency of visualized arteries 
can be confirmed with this method, but non-visualized 
arteries is not necessarily proved occluded. Information 
concerning the flow direction is also impossible for this 
single-phase imaging. 


b) Multiphase contrast MRA (repetitive acquisition of 
high-speed MRA in a specific region) 

To acquire favorable images of contrast-enhanced 
MRA, it is necessary to maintain the intra-arterial con- 
trast medium concentration above a certain level at least 
during low-frequency data filling in the k-space. When 
the acquisition time of a single phase was long, such 
as 20-30 seconds, the method to identify the contrast 
medium arrival time to the artery was important, but, 
with the improvement of MR devices and speed-up of 
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acquisition, time-resolved-MRA, in which 3-dimensional 
data collection is repeated and subtracted from those be- 
fore contrast imaging, has become the main procedure, 
and the optimum contrast timing is no longer missed. 
Since temporal resolution is added to 3-dimensional 
imaging in this method, it is also termed 4D MRA or 3D 
MRDSA. For the pulse sequence, the sequence employed 
for contrast-enhanced MRA of the aorta is normally used. 
Field of view is shifted toward the caudal side after multi- 
phase acquisition of the abdominal through pelvic region 
employing subtraction, and contrast medium is separately 
injected to visualize the lower limbs, the influence of the 
firstly injected contrast medium can be mostly eliminated. 
In multiphase contrast MRA, the optimum acquisition 
timing in the time-course intra-arterial contrast medium 
concentration is not missed, but a small matrix has to 
be inevitably set to increase temporal resolution, which 
may reduce spatial resolution due to trade-off. Attention 
should be paid to this when evaluating subtle collateral 
vessels and narrowed regions. This time-resolved method 
added temporal resolution to MRA and enabled identifica- 
tion of the blood flow direction, distinguishing true and 
pseudolumens of arterial dissection, from which arteries 
of organs branch, and the entry and re-entry positions and 
their patency. This is important information for surgi- 
cal procedures and stenting. Procedures for closing the 
pseudolumen may not be applicable when a blood vessel 
of a vital organ, such as the renal artery, branches from 
a pseudolumen. 


c) Contrast medium administration method 

On contrast-enhanced MRA, higher contrast images 
can be acquired as the dose of contrast medium increases, 
if the cost or indications are not considered.® In Western 
countries, double-dose (0.2 mmol/kg) and triple-dose 
(0.3 mmol/kg) are adopted in many cases. Our facility 
performs multiphase imaging employing the 3D TRICKS 
method using contrast medium at 0.1 mmol/kg when only 
the lower limbs are imaged. When an extensive region 
is included, such as the abdominal through the pelvic 
region and lower limbs, gadolinium preparation is used 
at 0.15—0.2 mmol/kg up to a maximum volurre of 20 mL 
in many cases. In the injection program employing the 
smartstep or moving table method, 0.1 mmol/kg of contrast 
medium is infused at 1 mL/s for the abdominal through 
pelvic region, followed by infusion of the remaining 
0.05—0.1 mmol/kg of contrast medium at 0.5 mL/s for the 
lower limbs to maintain the intra-arterial concentration. 
However, only a single time phase can be imaged using 
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this smartstep or moving table method. When multiphase 
contrast MRA is applied in two regions: upper (pelvic- 
femoral region) and lower (femoral-calf region), bolus 
injection of 0.075—0.1 mmol/kg of contrast medium at 
1 mL/s is applied to each region, and multiple phases 
are imaged. 

The smartstep or moving table method is applied to 
determine the timing,” in which the contrast medium 
concentration upstream of the target artery is detected, 
and the MR device automatically starts the main scan 
when the intensity level within the aorta exceeds a spe- 
cific point. In the fluoro-trigger method, high-tempora! 
resolution prescan is repeated, the level in the target artery 
is visually observed in the image, and the main scan is 
started when an operator think the signal in the target 
vessel exceeded aspecific level. In the test-bolus method, 
prior to the examination, a small dose of contrast medium 
is firstly injected, the aortic signal level is observed, and 
the time required for reaching the maximum level 1s mea- 
sured. This method adjusts the timing so that the main 
scan starts at the measured time after contrast medium 
administration. However, when temporal resolution 1s 
high, the above methods are unnecessary because MRA 
acquired at the optimum timing can be selected after 
imaging several phases. 


2) Non-contrast MRA 


Even though the cost and safety are considered, it is 
the best to visualize blood vessels without a contrast 
medium if possible, but the problems are reliability and 
stability. It is difficult to optimize many factors to achieve 
favorable visualization, and in some cases, non-contrast 
MRA has not been successful with several trials. As de- 
scribed above, the visualization capability of non-contrast 
time-of-flight MRA was insufficient in either 2D or 3D, 
but with the ECG-gated 3D half-Fourier fast-spin-echo 
method, visualization of the peripheral arteries has been 
accomplished by subtracting the dephasing from the 
rephasing image (by concomitantly using spoiler-pulse). 
In addition, arterial spin labeling utilizing inversion 
recovery pulse has been attempted with the use of bal- 
anced FFE, another acquisition method for MRA due to 
recent improvement of the gradient system performance. 

Contrast-enhanced MRA is capable of selectively 
visualizing arteries by combining bolus intravenous in- 
jection of contrast medium to visualize early perfusion. 
To apply non-contrast MRA to the trunk and extremi- 
ties, selective visualization of arteries and veins should 
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Fig. 2 Non-contrast MRA of the whole body (3D MIP projec- 
tion). This angiogram is composed of several noncont-ast 
MRA. Selective visualization of the arteries is well dem- 
onstrated without overlaps of veins. 
MRA: magnetic resonance angiography; 
MIP: maximum intensity projection 


be accomplished with a principle different from that 
of contrast-enhanced MRA. Selecting and combining 


several non-contrast MRA methods in consideratior of 


the magnetic field homogeneity, vascular distribution, 
and blood flow velocity enable vascular imaging of the 
whole body without a contrast medium (Fig. 2). There 
are diverse non-contrast MRA methods. Of these, several 
general methods involving 1.5T MRI of GE Healthcare 
(GEHC) and its application software are introduced below: 


2/6 


a) Flow preparation (flop prep) method 

Arteries and veins are separated based on differences 
in the blood flow velocity and direction.'”) The maximum 
in-flow effect can be obtained by applying RF pulse at 
the time of the maximum arterial blood flow velocity, 
visualizing arterial blood with a high signal intensity. In 
contrast, venous blood with a slow flow velocity is excited 
to only a low level, resulting in a low signal intensity. Ar- 
teries and veins can be separated utilizing this difference 
in the signal intensity (Fig. 3). In clinical stettings, firstly, 
the maximum flow velocity in the target blood vessel and 
the time required for reaching the maximum flow velocity 
after the R wave (delay time) are determined employing 
the phase contrast cine method (FAST card) (acquisition 
time: 15-20 seconds), followed by determining the opti- 
mum velocity encode (VENC). In the abdominal region, 
respiratory gating is also employed, and the acquisition 
time is about 2—4 minutes. This acquisition method is 
capable of vascular imaging over a broad range in a 
coronal section, and aneurysms, the abdominal aorta 
without dissection, and the common iliac, internal and 
external iliac, celiac, and renal arteries can be visualized 
(Fig. 4). When the blood flow is extremely slow in aortic 
aneurysm and dissection, and when different blood flow 
velocities exist at the same time, imaging employing the 
conventional flow prep method is difficult, and modified 
acquisition methods, such as addition and subtraction, 


are necessary to achieve a total view.!' !”) 


b) In-flow inversion recovery (IFIR) method 

The name of this method was recently changed to the 
inherent enhancement inflow inversion recovery method 
(inhance inflow IR). This method utilizes the in-flow 
effect of blood (Fig. 4).!> '*) The Time-slip method 
is well known as a preceding technique utilizing the 
same principle.'>) Inversion pulse is applied to a selec- 
tive region including the target blood vessel to reduce 
the intensity of the background and non-imaged blood 
vessels. Selective imaging is possible by observing the 
in-flow effect of blood without inversion pulse in the 
target vessel. Devising setting of the inversion pulse in 
consideration of imaged vascular distribution, the blood 
flow velocity-independent selective imaging of arteries 
and veins is possible. However, the duration of an in-flow 
effect is limited. Imaging of a broad range is possible for 
blood vessels with a high flow velocity, but the range is 
narrowed when blood flow is slow because the distance 
reached per unit time is short. The distance reached by 
blood can be extended by setting a relatively long delay 
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Fig. 5 Scheme of Enhance Inflow, IR: A selective IR pulse suppresses the signal 
of the vein and stationary tissue. Unsaturated fresh arterial blood can be 
visualized based on the inflow phenomenon, and selective visualization 
of the artery can be conducted. This scheme can be applied in any area 
in combination with SSFP or FSE. 


time after inversion pulse application, but the contrast and blood flow velocity. 

to blood vessels is reduced due to trade-off because 

the background intensity recovery increases in a time- c) Fresh blood imaging (FBI) method 

dependent manner. This method is applicable for both Fast This method utilizes differences in blood flow intensity 
Imaging Employing Steady-State Acquisition (FIESA) between the systolic and diastolic phases. Only arteries 
and FSE of the SSFP system (Fig. 5), and differentially are visualized by subtracting the systolic-phase venous 
employed depending on the magnetic field homogeneity image from the diastolic-phase arteriovenous image. This 
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is relatively common as a non-contrast MRA method."*? 
When the blood flow velocity shows downstream of che 
stenosis region, blood vessels may not be accurately 
imaged. The absence of a need to be concerned with 
the adverse effects of contrast medium is an advantage 
of non-contrast MRA, as described above. In contrast- 
enhanced dynamic MRA, images can be acquired oaly 
at a single timing per test, and when the timing is missed, 
imaging fails and reading and diagnosing may be diffi- 
cult. In contrast, in non-contrast MRA, acquisition car be 
repeated while changing the optimum condition durirga 
single test, resulting in reducing non-assessable cases. It 
has also been reported that the separation of arteries and 
veins and background inhibition independent from the 
timing of contrast medium circulation achieved favorable 
imaging of the renal artery compared to contrast-en- 
hanced MRA.!'! D) Furthermore, the acquisition methads 
of non-contrast MRA realize the visualization of flaw, 
which may image not only blood vessels but also flowing 
fluids. The proposition of the development of non-contzast 
MRA in the future is shortening of the acquisition trme 
while imaging blood vessels in a broad range, for which 
the development and devising of acquisition methods and 
operation are expected. 


RECONSTRUCTION 


Generally, acquired images of contrast-enhanced MRA 
are reconstructed after subtracting the mask images 
(original images before enhancement) from the enhanced 
images. The images after subtraction are reconstructed 
employing the maximum intensity projection (MIP) or 
sliding MIP (multiplanar volume reconstruction (MPVR)) 
methods. Separately, it is necessary to observe the orig nal 
images before and after enhancement and specific serial 
cross-sections employing multi planar reformat (MPF). 


RENAL DYSFUNCTION AND INDICATIONS OF CON- 
TRAST-ENHANCED AND NON-CONTRAST MRA 


When an arterial or venous disease is suspected but 
physicians hesitate to use iodinated contrast media be- 
cause of allergy, or when the Seldinger technique of the 
catheter approach is not applicable, these cases are ap- 
propriate indications of MRA. Indicated diseases include 
almost all diseases accompanied by vascular lesions, such 
as arteriosclerosis obliterans (ASO), Buerger disease 
(thromboangiitis), aneurysm (true and false), arterieve- 
nous fistula, arterial dissection,, for which the usefulness 


of contrast-enhanced MRA and favorable outcomes have 
been reported by many researchers.’ 7 When renal 
function is lost, contrast-enhanced imaging using an 
iodinated contrast medium or non-contrast MRA should 
be selected on the condition of dialysis, but when renal 
dysfunction is moderate or milder, for the remaining renal 
function to be conserved; contrast-enhanced MRA should 
be selected. When aortitis or inflammatory aneurysm Is 
suspected, contrast enhancement is obviously essential. 


VASCULAR WALL IMAGING 


The techniques discussed above are luminographic 
techniques, regardless of contrast-enhanced or non- 
contrast MRA. Studies on responsible arteries for 
myocardial and cerebral infarctions have clarified that 
there are stenoses with favorable and poor prognoses 
(stable and unstable plaques, respectively) in arterioscle- 
rotic stenosis, and differentiation of the plaque type in 
the vascular wall is necessary to differentiate these. The 
vascular wall cannot be observed employing luminog- 
raphy, and the black-blood method is basically used for 
this evaluation. For vascular wall imaging, the method 
in which data collection is started from the null-point of 
blood employing the non-selective IR preparation pulse is 
widely employed.**) USPIO accumulated by macrophages 
and other tissue-specific contrast media are also utilized 
in laboratory experiments. 


RELATIONSHIP BETWEEN BLoop FLOW AND THE 
VASCULAR WALL (IMPORTANCE OF FLOW ANALYSIS) 


As a characteristic of MRI, the flow velocity can be 
quantitatively evaluated, in which the magnetic field 
gradient is spatially loaded, and flow-induced phase 
shifts of spin are measured as changes in signal intensity. 
Data were previously collected only in the 2-dimensional | 
cross-sections, but, employing 3-dimensional data col- 
lection and ECG gating for all phases of the cardiac 
cycle, the flow velocity can be measured in all phases 
in all intravascular regions within the region of interest 
in-vivo by collecting data in all phases. Time-resolved 
3-dimensional phase-contrast MRI (4D Flow) capable 
of collecting blood flow data in 3-dimensional space 
and time, 4 dimensions in total, has been developed and 
facilitated the application of blood flow analysis in various 
blood vessels.2*: 25) By analyzing data of 4D Flow using 
flow analysis software, flow visualization and analysis 
(Flova), for example, blood flow measurement in vital 
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Fig. 6 The effect of shear stress on the vessels. 
There are several hypotheses concerning the effect of physical stimuli like 


shear stress on the vessels. 


The diagram shows one of the recent and widely accepted hypotheses. 

Moderate and appropriate shear stress detected by the endothelium increases 
NO in the vessel wall and, thereby, dilates vessels and, at the same time, 
increases PGI2, which inhibits platelet coagulation, and decreases VCA M-1, 
which inhibits monocyte adhesion. These are anti-arteriosclerosis factors. For 
the integrity of the vessel wall, wall shear stress should be maintained at an 
appropriate level of not less than 1.5 Pa. A low shear stress below 0.4 Pa pro- 
motes atherosclerosis and the apoptosis of smooth muscle in the vessel wall. 


organs and analysis of the blood flow direction and blood 
flow measurement in grafts can be performed. 

The presence of flow velocity data in time and space 
indicates that endothelial shear stress can be measured 
in the vascular wall. Various factors are related to the 
development and progression of vascular lesions. In 
addition to vascular wall vulnerability associated with 
hyperlipidemia, diabetes, cigarette smoking, and Marfan 
syndrome, hemodynamic factors are also present. On the 
other hand, there are regions likely to develop vascular 
lesions. Arteriosclerotic changes frequently occur in the 
coronary artery, bifurcations of the carotid artery and ab- 
dominal aorta at peripheral sides from the renal arteries. 
Cerebral aneurysms also have predilection sites. These 
facts suggest the importance of hemodynamic factors. Of 
hemodynamic factors, the association between vascular 
wall shear stress and vascular lesions has been widely 
studied. In the velocity distribution of intravascular 
blood flow, the speed is high in the central region, but 
slow near the vascular wall, forming a velocity gradient 
(shear rate). The friction force that the vascular wall re- 
ceives from blood is called shear stress, presented with 
the following equation: 


T = u (dv/dx) 


T: Shear stress, u: viscosity (about 3.9 x 10° Pa:sec in 
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human blood), dv/dx: shear rate 

Vascular endothelium reacts with the vascular wall 
shear stress in various ways. Morphologically, loading 
an about 1.5-Pa shear stress on the vascular epithelium 
causes a spindle-pattern arrangement in parallel to the 
flow direction. Functionally, a physiological shear stress 
greater than 1.5 Pa acts against arteriosclerosis through 
reducing vasoconstrictor production, increasing vaso- 
dilator and antioxidative enzyme production. reducing 
growth factor expression, increasing growth inhibitor 
expression, and reducing inflammatory mediator and 
adhesion molecule expression, thrombus formation, and 
epithelial growth ability. In contrast, a low shear stress 
below 0.4 Pa and varying shear stress direction with time 
due to turbulence are known to act on vascular epithelium 
leading to arteriosclerosis.2° 27) 

Involvement of shear stress of the vascular wall in 
aneurysm occurrence is also suspected. An aneurysm 
is likely to develop at the proximal vascular bifurcation 
in patients following ligation of the unilateral carotid 
artery,”*) suggesting that an increase in vascular wall 
shear stress with increases in the blood flow and velocity 
is related to aneurysm occurrence. It has recently been 
considered that vascular wall shear stress is closely related 
to vascular degeneration through iNOS and NO. The 
association of vascular wall degeneration and apoptosis 
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Fig. 7 Color coded display of a shear stress map generated in 

an elderly patient with an infra-renal abdominal aortic 
aneurysm. 
Note the significantly lower shear stress below 0.3 Pa 
in the diffusely dilated segments around the bifurcation 
of the aorta. This aneurysm developed as a result of the 
hemodynamic mechanism explained in Fig. 6. 


induced by low vascular wall shear stress with aneurysm 
rupture is also discussed. For long-term prospects, the 


investigation of arterial wall health by analyzing shear 
stress and prediction of the long-term progression of 


arterial lesions are considered (Figs. 6 and 7). 

If hemodynamic analysis can be applied to predict 
sites at which arteriosclerosis occurs in the future, it 
is possible to predict vascular lesions beforehand. The 


previous paradigm was the discovery and removal of 


already formed vascular lesions and its follow-up, but 
if the association between the shear stress and develop- 
ment of vascular lesions can be sufficiently elucidated 
in vivo, the prediction and prevention of arterial lesions 
may become the future trend. 


READING AND INTERPRETATION OF MRA 
Firstly, images reconstructed employing MIP are 


observed in many directions to outline blood vessels. Di- 
lated and narrowed segments are then evaluated in detail 


employing MPR and MPVR to confirm the presence or 


absence of collateral blood vessels, which may facilitate 
the accurate evaluation of collateral blood vessels and 
narrowed regions undetectable by employing MIP alone. 
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Fig. 8 Three-dimensional MIP projection image of contrast- 
enhanced MRA of an elderly male patient with arterio- 
sclerosis obliterans, showing total occlusion of the right 
common iliac artery and right external iliac artery. The 
right lower limb is dependent on cross circulation through 
the left internal iliac artery. The popliteal artery is also 
near-occluded on the right side. Bypass surgery Is not 
indicated for patients with a similar condition. Alternative 
therapy such as pharmacological intervention 1s chosen. 
MIP: maximum intensity projection: 

MRA: magnetic resonance angiography 


For bypass surgery, PTA, and stenting, confirmation of 
the presence or absence of run-off is necessary (Figs. 8 
and 9). Multiphase MRA is acquired in as many phases 
as possible to avoid overlooking findings. It 1s also 


necessary to observe theupstream aorta. The original 
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Fig.9 Three-dimensional MIP projection image of contrast- 
enhanced MRA of an ASO patient showing occlusion 
of the left common iliac artery, left superficial femoral 
artery, and severe stenosis of tie right external iliac artery. 
If the “run-off” of popliteal arteries and trifurcations as 
well as further peripheral arteries are mainta_ned, bypass 
surgery is indicated, as in this patient. 

MIP: maximum intensity projection: 
MRA: magnetic resonance angiography: 
ASO: arteriosclerosis obliterans 


images are also confirmed. When an aneurysm is present, 
mural thrombus is investigated, and the stent position is 
confirmed based on the presence of metal artifacts. It is 
needless to say that reviewing CT and surgical records 
is also necessary. 

Furthermore, inflammatory aneurysm ( Fig. 10), aortitis 
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Fig. 10 
a: Elderly male patient with an infected aneurysm in the 
abdominal aorta (3D MIP projection MRA using contrast- 
enhanced MRA). 
There is an ulcer on the left side of the aorta just above 
the bifurcation. 
b: Axial fat-saturated T1-weighted image with gadolinium 
enhancement. There is a strong enhancement in the soft 
tissue layer surrounding the abdominal aorta (—). 
MIP: maximum intensity projection: 
MRA: magnetic resonance angiography: 


(Fig. 11), and Behcet’s disease, IgG 4-related diseases, and 
wall inflammation can be detected as enhancement by 
contrast medium by adding fat-suppressed T1-weighted 
cross-sectional imaging subsequently to contrast- 
enhanced MRA. 

MRA displays its power in postoperative follow-up, 
such as tracing the presence, enlargement, and shrinkage 
of ULP (Fig. 12) and PAU (Fig. 13). 

For aortic dissection, true and pseudolumens and 
the blood flow condition of the branching arteries can 
be investigated by high-temporal resolution Imaging 
(Figs. 14 and 15). 


28] 
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Fig. 11 Middle aged female patient with aortitis syndrome (3D Fig. 12 Contrast-enhanced MRA (left anterior oblique view; 
MIP projection image using contrast-enhanced MRA). 3D MIP projection) of a patient with thrombosed-type 
There is a short segment of stenosis at the infrarenal Stanford B aortic dissection. 
segment of the abdominal aorta (—) followed by distal There are several ULP at the distal portion of the aortic 
post-stenotic dilatation. arch (—). 
MIP: maximum intensity projection; MIP: maximum intensity projection; 
MRA: magnetic resonance angiography MRA: magnetic resonance angiography; 


ULP: ulcer-like projections 


a: Growing PAU (—>) seen in the thoracic 
aorta of an elderly male patient (left an- 
terior oblique view; 3D MIP projection) 
Contrast-enhanced MRA. Risk of rup- 
ture increased in this case. 

b: Coronal source image shows a huge 
ulcer created due to atherosclerosis in 
the thoracic descending aorta. 

PAU: penetrating atherosclerotic ulcer; 
MIP: maximum intensity projection; 





MRA: magnetic resonance angiography 
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a: Enhanced MRA showing dissection 
in the thoraco-abdominal aorta (3D MIP 
projection). 

Three main visceral arteries (—) (the 
celiac axis, superior mesenteric artery, 
and left renal artery) stem from the true 
lumen. Right renal artery branches from 
the pseudolumen (*) remain unoccluded. 
b: Precontrast fat-saturated coronal T1- 
weighted image. 

Dissected pseudolumen in the thoracic 
aorta almost occluded with thrombosis. 
MIP: maximum intensity projection: 
MRA: magnetic resonance angiography 
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a: Pseudoaneurysm (contrast leakage into the pseudolumen) seen 
in the elderly male patient, which was created at the orifice of the 
celiac axis after graft replacement (left anterior oblique MIP projec- 
tion of the contrast-enhanced MRA). 

b: Oblique coronal reconstruction of the source image shows the 


pseudoaneurysm outpouching from the celiac axis. 
MIP: maximum intensity projection; 
MRA: magnetic resonance angiography; 
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Dissemination of dissection to branching arteries and 
multiple aneurysm development with aortic lesions have 
recently been frequently encountered. MRA also plays an 
important role in planning interventions for these lesions 
and later evaluation. 


PITFALL IN OBSERVATION OF MRA 


When a metal stent is placed in a blood vessel, signals 
in the stented region are lost and may be perceived as a 
pseudostenosis. Moreover, MRA normally visualizes 
only lumens because of subtraction. A mural thrombus 
may be overlooked when only MRA following MIP re- 
construction is observed. Observation of multiple cross- 
sections of the original images before subtraction should 
be routinely performed. It is also necessary to confirm the 
procedure applied before MRA in patients after bypass 
surgery, otherwise bypass graft near the body surface 
may be excluded from the field of view. Furthermore, as 
described above, when the optimum acquisition timing is 
missed, non-visualized blood vessels may be misidenti- 
fied as obstruction. This can be avoided by multiphase 
acquisition. 

There are reasons why noninvasiveness is desirable 
for the imaging of vascular lesions. Firstly, repeated 
examination is necessary for patients with vascular le- 
sions. Arterial lesions are exposed to blood flow stress 
daily and go through dynamic morphological changes. 
When a vascular lesion is already present, it is necessary 
to not only pay attention to its progression, but also follow 
the course after surgical treatment by imaging because 
such changes progress, for which invasiveness and the 
nephrotoxicity of contrast medium are not desirable. For 
example, when an arterial lesion is surgically repaired, 
reportedly, an aneurysm is formed at a site distant from 
the surgically repaired site within 18-24 months in 
17%-25% of cases . It has also been pointed out that an 
ulcer-like projection may cause recurrence of dissection 
and aneurysm formation, and become a starting point of 
rupture. It is also known that the enlargement of an ab- 
dominal aortic aneurysm is accelerated when the diameter 
exceeds a certain size (0.6 cm or greater enlargement after 
the diameter exceeds 6 cm).?” 


CONCLUSION 
Contrast-enhanced MRA has been refined with the 


advancement in MR technology, and images with high 
temporal as well as spatial resolutions have been acquired. 


Cases in which X-ray angiography is non-applicable, 
high-risk cases, and cases requiring frequent follow-ups 
are appropriate indications of MRA. Non-contrast MRA 
techniques have also recently advanced, for which sate 
MRA for patients with renal failure can be expected. 
Development of the 3D cine PC method facilitated ap- 
plication of hemorheological analysis for the evaluation 
of shear stress of the wall. The prediction and prevention 
of arteriosclerotic lesions as vascular wall lesions may 
become possible in the future. 
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Simultaneous Evaluation of the Whole Aorta and Artery of A 
Adamkiewicz by MDCT 


Kei Takase 


Recent technical advancement has allowed simultaneous visualization of the artery of Adamkiewicz and 
whole aorta by multidetector-row-CT (MDCT). Although we could visualize the artery of Adamkiewicz 
in a high percentage of patients with thoracoabdominal aortic diseases, CT scanning with an adequate 
protocol and careful post-processing are necessary for accurate evaluation. Noninvasive evaluation 
of the artery of Adamkiewicz is useful in planning surgery. Preoperative evaluation of the intercostal 
arterial level from which the artery of Adamkiewicz originates is reportedly important for preventing y 
postoperative spinal cord ischemia. Although, the usefulness of preoperative information on the artery of 
Adamkiewicz is still controversial, preoperative identification of the artery of Adamkiewicz by imaging 
has gradually spread since our first report, and has been included in preoperative evaluation items at 
many institutions, revealing its contribution. to improvement in surgical results. (“English Translation 


of J Jpn Coll Angiol, 2004, 44: 693-699.) 


Keywords: Adamkiewicz, aorta, MDCT, spine, aneurysm 


INTRODUCTION 


Moo (MDCT) has spread to many 
institutions during the 13 year period since its ap- 
pearance. MDCT is particularly useful for imaging the 
vascular system, enabling both vascular visualiza:ien 
over a wide range and detailed branching diagnosis, both 
of which were impossible using single slice helica: CT. 
CT was conventionally used as a method complementary 
to angiography, but has replaced angiography. MOCT 
not only replaces angiography but also provides intuitive 
morphological information on 3-dimensional recons:-uc- 
tion images. In addition, this technique has enabled the 
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visualization of blood vessels in detailed areas such as 
the artery of Adamkiewicz, which ts often difficult to 
evaluate even using angiography. 

Various factors are considered to be involved in the 
development of spinal ischemia after surgery of the tho- 
racic or thoracoabdominal aorta. To prevent postopera- 
tive paraplegia, shortening of the spinal cord blood flow 
interruption time, combined use of assisted circulation 
(peripheral aortic perfusion, selective intercostal artery 
perfusion), intercostal artery reconstruction, cerebrospinal 
fluid drainage, and hypothermia are used. Basically, the 
prevention of postoperative spinal ischemia consists of the 
maintenance of spinal cord circulation and spinal protec- 
tion. For the former, the preoperative identification of the 
artery of Adamkiewicz, which most markedly contributes 
to spinal cord blood supply in the thoracolumbar region, 1s 
useful!” Identification of the level of the intercostal or 
lumbar artery supplying the artery of Adamkiewicz enables 
the formulation of a surgical plan including the intercostal 
artery reconstruction level, reducing the operation time, 
and the preservation of the artery giving rise to the artery 
of Adamkiewicz or its surrounding arteries. In this study, 
concerning the preoperative identification of the artery of 
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Fig. 1 Vascular anatomy of the spine. 


Adamkiewicz using MDCT, the anatomy of the spinal cord 
arteries, and examination, image processing, and evalua- 
tion methods were described, and the clinical usefulness of 
visualization of the artery of Adamkiewicz was discussed. 


ANATOMY 


The branching patterns of the spinal arteries and veins 
are shown in Fig. 1. 

The anterior spinal artery running longitudinally along 
the anterior median fissure of the spinal cord supplies the 
anterior 2/3 portion of the spinal cord, and the 2 posterior 
spinal arteries (one located on each side of the spinal cord 
posteriorly) supply the posterior funiculus. The anterior 
spinal artery is supplied by the anterior radiculomedul- 
lary arteries branching from the intercostal and lumbar 
arteries. Among the radiculomedullary arteries, the 
artery of Adamkiewicz is the largest. An autopsy study 
by Koshino et al. showed that this artery was located on 
the left side in 72% and between Th8 and L1 in 91%.'® 
Since the anterior spinal artery is frequently thin cranial 
to the entry site of the artery of Adamkiewicz and thick 
caudal to this site,!” CT often allows the visualization of 
only its caudal portion. 


IMAGING METHODS 


We devised a protocol for the simultaneous acquisition 
of information on the whole aorta and iliac artery and that 
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on the artery of Adamkiewicz, and used this protocol in 
patients with thoracoabdominal aortic diseases for which 
surgery is indicated. Adequate information on major 
blood vessels can be obtained only by CT performed once 
(so-called one-stop-shop examination). Our protocol and 
points in the examination are introduced below. Although 
there are various cautionary items due to the visualization 
of fine structures, the procedure can be reproduced if 
there is a 16-(or more) detector row MDCT scanner. With 
an increase in the number of detector rows of MDCT, the 
breath-holding time decreased while scan timing became 
more important. E 

The general examination procedure is as follows: 

1. Preparation before scanning 

Insertion of a 20G indwelling needle into the right 
basilic vein showing a favorable condition, or into the 
right external jugular vein when insertion into the basilic 
vein is impossible 

Positioning to bring the vertebral body to the isocenter 

2. Non-enhanced CT scanning of major blood vessels 

3. Setting of the scan initiation timing 

Since most models have a function to initiate scanning 
after sensing contrast agent arrival at the aorta, be sure 
to use this function. 

First, the site of the monitoring scan for contrast agent 
arrival at the aorta is determined. 

Next, the region of interest (ROI) is established in the 
superior portion of the descending aorta, and the scan 
initiation timing is set so that scanning can be initiated 
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at an intravascular CT value of about 150 HU. 
4. Imaging in the early phase of contrast enhancement 


According to body weight, about 100-120 mL of 


a contrast agent at a high concentration (350-370 mel’ 
mL) is used. The injection rate is set at 3.5-4.5 mL ‘ec. 
A blood vessel allowing bolus injection of the contrast 
agent is necessary, and contrast enhancement through 
the right external jugular vein is often performed. Forthe 
accurate visualization of the artery of Adamkiewicz in 
patients with major vessel disease, a rather high dose of 
the contrast agent is required, but slight adjustments are 
made according to the body weight, renal function, and 
aneurysm size. It is desirable to flush with saline injection 
following contrast agent injection using a dual injector. 

The scan range is from the lung apex to the ischial 
tuberosity. The scan continuation time is set at about 
20 seconds. Using the finest collimation (<1 mm) of the 
scanner, the electric current is set high (about 350 mA). 

Before the initiation of contrast enhancement, it is con- 
firmed again using physiological saline that the contrast 
enhancement line allows injection without resistance or 
pain even at the planned injection rate, and it is explained 
again that patients become warm after contrast agent 
injection. 

In some patients with aortic dissection, the artery of 
Adamkiewicz arises from a false lumen, or a slightly 
slow scan timing is appropriate. Therefore, re-scanning 
is performed after a breath-hold following scanning in 
the early phase of contrast enhancement. Although the 
high electric current and two scans increase the X-ray 
exposure dose, we permit this since the benefit of reduc- 
ing the surgical risk due to the visualization of the artery 
of Adamkiewicz outweighs this drawback. 

5. Imaging in the delayed phase 

Imaging is performed to evaluate slow blood flow in 
the false lumen in patients with aortic dissection, the 
state of the walls of inflammatory aneurysms, and venous 
anatomy (such as the retroaortic renal vein). 

6. Image reconstruction and processing 

Image reconstruction using two types of field of view 
(FOV) 

The following two types of image are produced. Short- 
axis images are produced for the whole aorta without 
narrowing the FOV. For the straightforward identification 
of the artery of Adamkiewicz, the FOV ts narrowed tothe 
aorta and perispinal area, increasing spatial resolution. 


IMAGE PROCESSING ON THE WORKSTATION 


We generally use the Aquarius net viewer (TeraRecon, 
Foster City, USA) for image interpretation, and the Ziosta- 
tion (Amin, Tokyo, Japan) for detailed image processing. 
To readily identify the artery of Adamkiewicz on im- 
ages, curved planar reformation (CPR) images from the 
aorta to the area along the intercostal artery, the artery 
of Adamkiewicz, and anterior spinal artery, 1s the most 
useful. As the previous stage of the production of this 
image, the artery of Adamkiewicz should be identified by 
detailed observation of the original animated short-axial 
image.” At the time of surgery, it is necessary to show the 
origin of the segmental artery (giving rise to the artery of 
Adamkiewicz) in the aorta using 3-dimensional images 
that can be straightforwardly understood by surgeons. 


IDENTIFICATION OF THE ARTERY OF ADAMKIEWICZ 
AND Irs VISUALIZATION CAPACITY 


When reconstruction is performed at 0.5-mm inter- 
vals, more than 1000 short-axis images are obtained. 
Therefore, at present, observation is performed using 
the paging method on the Workstation. On short-axis 
images, the anterior spinal artery is present on the ventral 
midline. The artery of Adamkiewicz enters this artery, 
and passes through the intervertebral foramen, running 
to the ventral side of the spinal cord (Fig. 2E-2H). On 
coronal images on cine-mode displays, since the artery 
of Adamkiewicz is continuous with the anterior spinal 
artery, forming a hair-pin curve, this structure is identi- 
fied for the identification of the artery of Adamkiewicz. 
The level of the intervertebral foramen, through which 
the intercostal artery is continuous with this hatr-pin 
curve structure, 1s counted from the sacral bone and 
regarded as the level of the artery of Adamkiewicz 
(Fig. 21-2J). The most difficult problem for its identifica- 
tion is differentiation from the anterior radiculomedullary 
vein. The anterior spinal vein also shows morphology 
similar to that of the anterior radiculomedullary vein. 
Therefore, differentiation between the artery and vein is 
inaccurate based on morphological findings alone. The 
most accurate differentiation method is to visualize the 
continuity between the intervertebral/lumbar artery and 
artery of Adamkiewicz (Figs. 21-2J). In our previous 
report, using 4-detector row MDCT with 2-mm collima- 
tion, we could identify the artery of Adamkiewicz in the 
spinal canal in 90% but could visualize the continuity 
between the intervertebral/lumbar artery and the artery 
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Fig. 2 A male in his 70s with thoracic aortic aneurysm. 16-detector-row MDCT images with 0.5-mm collimation. 
A-D: Images of the whole aorta. 
A: A VR vascular image with a left anterior oblique view and (B) superimposed bone and vascular images show multiple 
aortic aneurysms. 
C: An MIP image with a left anterior oblique view and (D) antero-posterior view shows stenosis of the right iliac artery. 
E-H: Transaxial images with magnified reconstruction. 
The anterior spinal artery (red arrowheads) and artery of Adamkiewicz (red arrows) are clearly visualized. Continuity 
from the stem of the left 9th intercostal artery (green arrow), posterior branch of the intercostal artery (green arrowheads), 
and the artery of Adamkiewicz through the anterior spinal artery is traceable by paging method observation. 
I, J: A curved planar reformation image along the aorta, left 9th intercostal artery, posterior branch of the intercostal 
artery, and artery of Adamkiewicz through the anterior spinal artery. Reference line is shown in K). 
A patent left 9th intercostal artery is clearly visualized, which supplies the artery of Adamkiewicz that continues to the 
anterior spinal artery, making a typical hair-pin curve. 
L: A curved planar reformation image along the azygos vein, left Ist lumbar vein (large blue arrow), anterior radiculom- 
edullary vein (small blue arrow), and anterior spinal vein. 
The anterior radiculomedullary vein can be distinguished from the artery of Adamkiewicz by visualizing its continuity 
with venous structures, although the anterior radiculomedullary and anterior spinal veins show a similar hair-pin curve. 
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Adamkiewicz in only 32% of them. In the other 68%, 
the vessel visualized with timing not allowing venous 
system visualization was regarded as the artery of Adam- 
kiewicz. From our experience using 16- or 64-detector 
row CT with 1.0 or 0.5-mm collimation, the artery of 
Adamkiewicz was visualized in about 90%, which was 
similar to that using 4-detector row CT, but the continuity 
between the intervertebral/lumbar artery and artery of 
Adamkiewicz could be visualized in 90% of them, show- 
ing marked improvement. Thus, differentiation between 
the vein and artery became possible in many cases. but 
we add contrast-enhanced MRA for patients in whom the 
visualization of the above continuity is inadequate due to 
adjacent bone structures. For the clear identification o the 
artery of Adamkiewicz, it is desirable to use a collimation 
<] mm and a 16- or more detector row scanner. Recent 
studies have shown an Adamkiewicz artery visualization 
rate of 83—94% and its increase by improving the conirast 
enhancement method, reconstruction protocol function, 
or the intra-arterial contrast agent injection method.7’"-?) 


Case Presentation 

Patient with with the aortic arch-descending aertic 
aneurysm, after Y-graft replacement (Fig. 2). 

In a male in his 70s, multiple aneurysms were present 
from the aortic arch to descending aorta on VR images. 
When original images were observed using the paging 
method, the anterior spinal artery and artery of Acam- 
kiewicz were identified. A CPR image on the route from 
the left 9" intervertebral artery to the anterior spinal 
artery was produced, and the continuity of the aorta, in- 
tercostal artery, posterior branch of the intercostal artery, 
the artery of Adamkiewicz, and anterior spinal artery 
could be observed on one image. The continuity could 
be traced even in the area showing passage through the 
intervertebral foramen. Due to improvement in resolu- 
tion in the Z-axis direction, the visualization of vascular 
continuity improved, and the anterior radiculomedu lary 
vein entering the left LI intercostal vein could be identi- 
fied in this patient. Entry of this vessel into the azygos 
venous system confirmed on the CPR image allcwed 
differentiation from arteries. 


IMPACT OF THE PREOPERATIVE IDENTIFICATION OF 
THE ARTERY OF ADAMKIEWICZ ON SURGERY 


The successful identification of the intercostal artery 


that should be reconstructed ts beneficial to surgical plan- 
ning and the operation itself. The usefulness of selective 
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angiography for preoperatively identifying the artery of 
Adamkiewicz has also been reported,®~” but complica- 
tions often develop. In patients with thoracoabdominal 
aortic aneurysms or dissection, angiography of the 
intercostal or lumbar artery itself is almost impossible. 
There are only a few institutions where the artery of Ad- 
amkiewicz is preoperatively identified using angiography. 
Recent studies have shown noninvasive visualization of 
the artery of Adamkiewicz using MRI or MDCT,! = 7°? 
and its usefulness for surgery.!*"!”) The usefulness of the 
preoperative evaluation of the artery of Adamkiewicz has 
been re-evaluated. 

In the development of postoperative paraplegia, not 
only the presence or absence of the reconstruction of the 
artery of Adamkiewicz but also various factors such as 
the intraoperative arterial cross-clamping time, intraop- 
erative perfusion method, and individual differences in 
spinal cord hemodynamics may be involved. However, 
the preoperative clarification of the origin of the artery of 
Adamkiewicz and reconstruction of only the intercostal/ 
lumbar artery as its supplying blood vessel shorten the 
intraoperative arterial cross-clamping time,’* 15 and may 
contribute to the accurate preservation of postoperative 
blood flow in the artery of Adamkiewicz. If the artery of 
Adamkiewicz can be confirmed to be located outside the 
range allowing artery replacement, intercostal artery re- 
construction can be omitted, which shortens the operation 
time.!® In addition, intraoperative selective perfusion at 
the level of this artery to minimize intraoperative spinal 
cord ischemia has been evaluated.'®? When the artery of 
Adamkiewicz arises from the aortic replacement range, 
the intercostal artery for reconstruction can be identified 
before surgery, and the operation time can be shortened 
compared with the surgical method achieving reconstruc- 
tion of as many intercostal arteries as possible.!*:'7) Since 
the intraoperative arterial cross-clamping time is associ- 
ated with postoperative complications, its shortening Is 
a major benefit. 

The identification of the artery of Adamkiewicz has the 
above benefits. A previous study showed a significantly 
lower complication rate in patients in whom the artery 
of Adamkiewicz could be preoperatively identified using 
MRA, and only the intercostal artery at this level was 
reconstructed in those in whom many intercostal arteries 
were reconstructed without preoperative identification of 
this artery in the same institution. ® 

In contrast, Griepp et al. ligated intercostal arteries 
showing no problems under intraoperative monitoring 
of somatosensory-evoked potentials, and reconstructed 
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others. As a result, intercostal artery reconstruction was 
not necessary in any patient. They also reported no spinal 
cord complications after replacement of less than 10 seg- 
ments but development of paraplegia in 2 of 21 patients 
after replacement of 10 segments or more, and an overall 


incidence of paraplegia of 2%. Based on these results, ° 


they speculated that the anterior spinal artery does not 
depend on the artery of Adamkiewicz alone in terms of 
hemodynamics.7° 

The association between the preoperative identification 
of the artery of Adamkiewicz and surgical results is still 
controversial. This is partly because only a few years 
have passed since the establishment of the Adamkiewicz 
artery evaluation method. Even Griepp et al. hoped for 
the development of a safe preoperative Adamkiewicz 
artery identification method in the discussion of the above 
study in 1996.26) 

In patients with aortic diseases requiring the visualiza- 
tion of the artery of Adamkiewicz, occlusion of the origin 
of the segmental artery and blood supply to the artery of 
Adamkiewicz by collateral circulation are often present. 
Using our simultaneous visualization protocol, collateral 
circulation between segmental arteries or fram the inter- 
nal thoracic artery can be sometimes visualized using CT, 
and the blood vessels for reconstruction or preservation 
can be more accurately determined, which may further 
improve the surgical results. Recently, in cooperation with 
the department of cardiovascular surgery, we initiated a 
method in which vascular reconstruction is performed 
after functional identification of the vessel most mark- 
edly contributing to the blood supply to the spinal cord 
using intraoperative perfusion cooling of the artery of 
Adamkiewicz using the supplying vessel suggested by 
MDCT. No spinal cord complications associated with this 
method have been observed to the present. Postoperative 
spinal cord complications cannot be avoided solely by 
preserving or reconstructing the artery of Adamkiewicz 
visualized using CT, but may be associated with multiple 
factors. However, the complication rate can be reduced by 
identifying the supplying vessel based on morphological 
information on the artery of Adamkiewicz obtained using 
MDCT and intraoperative functional examination, and 
the combined use of intraoperative spinal cord protection 
methods such as spinal cord drainage and cooling. 

Preoperative identification of the artery of Adam- 
kiewicz by imaging has gradually spread since our first 
report using CT in 2002, and has been included in 
preoperative evaluation items at many institutions. We 
expect that its contribution to improvement in surgical 
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results and methods to avoid postoperative spinal cord 
complications will be shown by studies in many cases. 
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Treatment Strategy for Acute Type A Aortic Dissection 
Complicated with Organ Ischemia 
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and Tayiro Sueda, MD 


Objective: We report our current treatment strategy for acute type A aortic dissection with organ isch- 
emia as well as notable findings in our experience. 

Materials and Methods: Among 101 cases of acute type A aortic dissection, 25 had organ ischemia. Mal- 
perfusion was assessed at the aorta, proximal portion of the branch, organ parenchyma, and organ func- 
tion by means of multiple modalities, including transesophageal echocardiography (TEE), near-infrared 
spectroscopy, and physical examinations. It was assessed every time the perfusion status was altered. 
Results: There were three operative deaths and one late hospital death. Uncertainty of symptoms and 
inadequate preoperative assessment in an emergent situation indicated the necessity of an overall check- 
up of organ ischemia in the operating room on a routine basis. Multi-modality assessment including 
TEE was helpful for this purpose. Two cases indicated that recovery of a true lumen could be inadequate 
despite true lumen perfusion including central cannulation. Thrombus in the false lumen appeared to 
be responsible. 

Conclusions: To solve practical problems in treating acute type A dissection with organ ischemia, real- 
time information on organ perfusion is important for detecting the presence of malperfusion, making 


an appropriate strategy, and immediately assuring the efficacy of the means taken. 


Keywords: aortic dissection, malperfusion, surgery, echocardiography, 


near-infrared spectroscopy 


INTRODUCTION 


A rupture and organ ischemia are the two main 
causes of early death in patients with type A aor- 
tic dissection. ™® The former leads to an unpredictable 
abrupt onset of circulatory derangement with systemic 
malperfusion. The latter starts at the onset of dissection 
or later in the subsequent course and is progressive unless 


Department of Cardiovascular Surgery, Hiroshima Uni versity 
Hospital, Hiroshima, Hiroshima, Japan 


Received: June 9, 2011: Accepted: July 26, 201] 
Corresponding author: Kazumasa Orihashi, MD. Department 
of Surgery H, Kochi Medical School. Kohasu, Oko-cho. Nan- 
koku, Kochi 783-8505, Japan 

Tel: +81-88-880-2375, Fax: +81-88-880-2376 

E-mail: orthashik@kochi-u.ac.jp 


t 
a! 


Annals of Vascular Diseases Vol. 4, No. 4 (201 l) 


perfusion is adequately restored. Thus, we have made it 
a rule to transfer the patient to the operating room even 
without adequate preoperative assessment in order to 
avoid irreversible damage of the ischemic organ and/or 
catastrophe due to aortic rupture before surgery. 

Organ ischemia is present in 20% to 40% of cases with 
acute aortic dissection with various symptoms.*-© While 
irreversible organ damage on arrival is beyond the realm 
of treatment, further progress of ischemic damage should 
be minimized. Considering the possibility of persistent 
ischemia despite every effort of restoring perfusion, we 
have attempted to shed a light on the blind zone during 
surgery. This paper is aimed to report our current treat- 
ment strategies against organ ischemia associated with 


_.., acute type A aortic dissection, as well as notable findings 
obtained in our experiences. 
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MATERIALS AND METHODS 


Between 1997 and 2010, among 101 consecutive cases 
of acute type A aortic dissection, 25 (24.8%) had as- 
sociated organ ischemia before surgery. They included 
17 male and 8 female patients, 34 to 83 years old (mean 
age: 62.3 years old). The Ischemic organ included myo- 
cardium, brain, upper extremity, spinal cord, intestine. 
kidney, or lower extremity in 5, 11,7, 1, 4.5, and & cases, 
respectively (two, three, or four organs in 7, 3, and | 
case(s), respectively). Eight cases (32%) were hypotensive 
(<80 mmHg) at arrival due to myocardial ischemia or 
pericardial tamponade. 

The initial diagnosis of aortic dissection and associ- 
ated complications was made by computed tomography 
(CT) either in our hospital or in the previous hospital. 
As long as the diagnosis of the dissection was definite, 
the patient was immediately transferred to the operating 
room without an additional CT assessment, even if the 
image quality was inadequate for us to determine the 
detailed surgical strategy. 

After the induction of anesthesia, transesophageal 
echocardiography (TEE) was instituted for the preopera- 
tive assessment (EUB-555, Hitachi Co, Tokyo, Japan; 
SSD 5500, Aloka Co.,Tokyo, Japan; 1E33, Philips Elec- 
tronics Co., Netherland) including 1) presence and extent 
of dissection, 2) presence of rupture to the pericardial and/ 
or pleural space, 3) aortic regurgitation (AR), 4) location 
of entry, 5) global and regional function of ventricles, 
and 6) dissection and perfusion in the coronary artery, 
arch branch arteries and visceral branches.’ The sur- 
gical strategy was finally determined, based on the TEE 
assessment and preoperative CT findings. In addition, 
regional oxygen saturation in the bilateral frontal lobes 
was continuously monitored throughout the surgery with 
a near-infrared spectroscopy (NIRS) system TOS-96 
(TOSTEC Co., Tokyo, Japan).!) When cerebral malpertu- 
sion was suspected, orbital Doppler was carried out using 
a conventional transthoracic echocardiographic probe, 
which was equipped in the TEE system.'”) 

The priority of perfusion was 1) systemic, 2) brain and 
heart, and 3) intestine and limbs. As long as the patient 
was hemodynamically stable, an 8-mm ePTFE vascular 
graft was anastomosed to bilateral axillary arteries with 
6-0 polypropylene in an end-to-side fashion. Follow- 
ing median sternotomy, cardiopulmonary bypass was 
established with the right axillary arterial perfusion and 
drainage from a two-staged venous cannula. When there 
was extended dissection or stenosis in the right subclavian 


artery, the left axillary artery was used for arterial perfu- 
sion. When the patient was in shock status, the femoral 
artery was cannulated for arterial perfusion to assure 
the systemic perfusion with minimal delay. In both situ- 
ations, perfusion in various organs was assessed mainly 
using TEE, NIRS, and orbital Doppler '”. The aorta was 
repaired under circulatory arrest at the rectal temperature 
of 25 degrees centigrade and selective cerebral perfusion 
via the bilateral axillary arteries and a cannula inserted 
into the left common carotid artery. In case of ischemic 
limb, the femoral artery was selectively perfused through 
a cannula which was directed distally. 

Figure 1 shows the sites and modalities for assessing 
the perfusion in each organ. It was checked at one or 
more sites among 1) the aorta (orifice of branch artery), 
2) proximal portion of branch artery, 3) small artery in the 
parenchyma, or 4) tissue or organ function by means of 
TEE, NIRS, orbital Doppler, Doppler flowmeter, or physi- 
cal examination. Perfusion was newly assessed whenever 
perfusion status was altered, i.e., at the initiation of sys- 
temic perfusion and selective perfusion, reperfusion after 
revascularization, and aortic declamping. If malperfusion 
was detected, the perfusion routes were changed or added. 
The efficacy of such strategy was immediately evaluated 
to avoid an inappropriate navigation. 


RESULTS 


The surgical procedures for aortic repair were ascend- 
ing aorta replacement, total arch replacement, or aortic 
root replacement in 19, 3, and 3 cases, respectively. There 
were three operative deaths (11.5%) and one late hospital 
death (3.8%). All of three cases of operative death were 
in shock status at the start of operation. Among the I] 
cases with cerebral ischemia, 5 cases had sustained con- 
sciousness disturbance or cerebral infarction, while the 
remaining 6 cases had no significant sequelae. Several 
illustrative cases are presented. 

A 65 year-old male patient (case #6) with a history of 
coronary artery bypass grafting (CABG) had a sudden 
onset of numbness and dull pain in both arms.'® The 
CT assessment revealed acute type A dissection with 
compressed true lumen in the descending to abdominal 
aorta. Bilateral, radial arteries were hardly palpated. 
Ultrasonography demonstrated an obstruction in the 
bilateral axillary arteries (Fig. 2A). Blood gas analysis 
showed metabolic acidosis with base excess level of ~10 
mEq/L. which was not accountable solely with the upper 
limb ischemia. Although he had no abdominal pain and 
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Fig.2 Preoperative ultrasonograms in case #6. A: Occlusion in the right axillary artery. B: Obstruc- 


tion of superior mesenteric artery (SMA). Collateral flow from a branch artery is seen. 


the superior mesenteric artery (SMA) was opacified in the 
CT assessment, the Doppler flow was hardly detectable 
in the SMA and collateral blood flow into the SMA was 
detected (Fig. 2B). The peristalsis of intestine was very 
weak although there was no wall thickening or ascites. 
We concluded that mesenteric ischemia was significant. 


We had to make a decision to select either of aortic repair 


or revascularization of SMA and axillary arteries. There 
was no rupture or malperfusion in other organs at this 
time. Since he had a history of CABG, aortic rupture was 
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unlikely to lead to critical pericardial tamponade due to 
adhesion. A left common iliac to SMA bypass was made 
with a saphenous vein graft, and the bilateral axillary 
arteries were fenestrated. The color and peristalsis of the 
intestine immediately improved, and dull pain in the arm 
disappeared. The base excess returned to a normal range. 
Although he developed localized pericardial tamponade 
with mild hypotension, he underwent aortic repair and 
had a good postoperative course without complication. 
A 57 year-old male patient (case #24) suddenly had 
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Fig. 3 Computed tomograms (CT) and schematic illustration of mechanism for malperfusion in case #24. A: Preoperative CT image 


with occlusion of right femoral artery. B: Mechanism of malperfusion in the right femoral artery. Thrombus in the false lumen 


(FL) was responsible. True lumen (TL) was compressed. C: Postoperative CT image. 


lumbago and dull sensation in the legs. CT showed type 
A dissection with right kidney infarction and obstruc- 
tion in the right femoral artery (Fig. 3A). Although the 
left external iliac artery was occluded, the left femoral 
artery was perfused by the collateral circulation from the 
internal iliac artery. Echocardiography showed moderate 
to severe AR. Following right axillary artery perfusion, 
blood flow in the right foot remained undetectable. As we 
cannulated the right common femoral artery and started 
selective distal perfusion, blood flow in the right foot 
became detectable instantaneously. After replacement 
of the ascending aorta, AR became less than mild. The 
right femoral artery was transected, and the stump was 
repaired. However, the blood flow became undetectable 
again in the right foot and looked pale. Since the limb 
had been appropriately perfused via a cannula, thrombus 
in the false lumen near the cannulation site was likely 
to have collapsed the true lumen (Fig. 3B). Thrombus 
in the false lumen was carefully aspirated by several 
centimeters. After revision of arterial repair, the foot 
was well perfused (Fig. 3C). Although he developed 
mild compartment syndrome in the right lower leg and 
necessitated fascial incision and subsequent skin graft, 
the leg function fully recovered after several months. 


A 54 year-old male patient (case #22) with a history of 


aortic valve replacement had a sudden onset of weakness 1n 
his bilateral legs. The CT assessment revealed type A aortic 
dissection and total occlusion of the abdominal aorta. Upon 
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arrival, the anterior to posterior wall of the left ventricle was 
akinetic. TEE revealed total occlusion in the left coronary 
ostium and every visceral artery (Fig. 4A). In shock status, 
he was put on bypass with femoral arterial perfusion. The 
true lumen was soon restored in the aorta, but not in the 
coronary artery and SMA (Fig. 4B). In order to minimize the 
ischemic time, the aorta was cannulated by Seldinger method 
under TEE guidance. However, the coronary artery was 
hardly perfused, and the true lumen in the SMA remained 
smaller than 50% of the entire lumen (Fig. 4C). There was 
thrombus in the false lumen. After dissection of severe 
pericardial adhesion, the ascending aorta was replaced. The 
coronary artery became adequately perfused, and the left 
ventricle was slightly contracting. However, the true lumen 
in the SMA remained small (Fig. 4D). At this moment, we 
decided a laparotomy. Although the stomach, liver, jejunum, 
and sigmoid colon was well perfused, the ileum was necrotic. 
Unfortunately, the improvement of left ventricular contrac- 
tion was not adequate, and the patient died the next day. 

A 34 year-old female patient (case #95) with Marfan 
syndrome and a history of type B aortic dissection had a 
sudden onset of severe abdominal pain with nausea and 
vomiting. She presented with consciousness disturbance 
(JCS 30) and left hemiplegia. CT revealed type A aortic 
dissection without apparent low density area or hemor- 
rhage in the brain. The visceral arteries were opacified. 
TEE showed mild hypokinesis in the right ventricle, 
avulsion of right coronary ostium but with detectable 
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Fig. 4 Transesophageal echocardiograms showing changes of perfusion in superior mesenteric artery 


(SMA) in case #22. FL: false lumen: TL: true lumen 
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Fig. 5 Transesophageal echocardiograms showing adequate blood flow in visceral arteries in case #25 with abdominal pain. 


CEA: celiac artery; SMA: superior mesenteric artery 


blood flow, moderate AR, narrow true lumen in the right 
common carotid artery, and patent SMA (Fig. 5). Based 
on these findings, we decided aortic root replacement 
without a laparotomy. She had good operative course 
without neurological or abdominal complications. 


DISCUSSION 


The current study has elucidated the problems in the 
surgical treatment of acute type A aortic dissection with 
organ ischemia: 1) fallible symptoms; 2) limited time for 
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preoperative assessment; and 3) persistent malperfusion 
despite true lumen perfusion. 

Symptoms of patients are often misleading. Case #6 
complained of dull pain in the arms but not abdominal 
pain despite the presence of significant mesenteric isch- 
emia. In case #22, symptoms of myocardial and mesen- 
teric ischemia was masked by the weakness of legs. In 
contrast, case #25 complained of abdominal pain, but 
mesenteric ischemia was not present. These results indi- 
cate that an overall check-up for organ ischemia during 


routine care is essential. 
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However, patients are often hemodynamically un- 
stable, as was noted in 32% of cases in this series due 
to pericardial tamponade and/or myocardial ischemia. 
Once a major rupture to the pericardial or pleural space 


occurs, it becomes extremely difficult to save the life of 


a patient. Therefore, it is important to put the patient on 
cardiopulmonary bypass with minimal delay. 

In the clinical setting, the quality of CT assessment is 
often inadequate for making a definite surgical strategy. 
Thus, we have used intraoperative TEE to obtain the es- 
sential information including location of entry, severity 
of AR, presence of rupture or malperfusion tn any or- 
gan.’”! In case #25, the absence of mesenteric ischemia 
was confirmed by CT and TEE despite abdominal pain 
at the onset, and we could spare time for the laparotomy 
and concentrate on the aortic repair. 

Two cases in this series (case #22 and #24) demon- 
strated that a recovery of true lumen can be tnadequate 
despite true lumen perfusion. In case #22, malperfusion 
in the coronary artery and the SMA was persistent de- 
spite femoral arterial perfusion and central cannulation, 
whereas the true lumen in the aorta was immediately 
restored. This can be a pitfall of central cannulation and 
suggests the importance of immediate assessment of new 
perfusion status. The finding tn case #24 illustrates the 
mechanism of persistent malperfusion. The thrombus 
in the false lumen can interfere with a recovery of true 
lumen because it occupies space in the vessel and does 
not dissolve in a short period. However, it is difficult to 
aspirate the thrombus in the false lumen of SMA or coro- 
nary artery during surgery. Bypass surgery or catheter 
intervention would be a better strategy. While there ts 
always a risk of persistent malperfusion in any orgar, it 
is hardly predictable. It is not practical to set the angiog- 
raphy system ready for every surgical case. A realistic 
way to detect such an occurrence and make an appropriate 
decision would be to monitor the perfusion status in each 
organ at real time by means of modalities listed in Fig. 1. 


CONCLUSIONS 


In acute, type A aortic dissection complicated with 
organ ischemia, preoperative assessment is often inade- 
quate. Furthermore, malperfusion in the organ can persist 
despite true lumen perfusion. To solve these problems, 
real-time information on organ perfusion is important for 
detecting the presence of malperfusion, making an ap- 
propriate strategy, and immediately assuring the efficacy 
of the means taken. 
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Cardiac and Aortic Reoperation for Patients with 
Functional Grafts after CABG 


Satoshi Yamashiro, MD, PhD, Yukio Kuniyoshi MD, PhD, Yuya Kise, MD, and Ryoko Arakaki, MD 


Objective: Late cardiac and aortic reoperation after CABG is indispensable for patients with atheroscle- 
rotic disease, but reoperations are still associated with high morbidity rates. 

Patients and methods: Between January 2002 and December 2010, 459 patients underwent coronary artery 
bypass grafting. Six patients (males; mean age, 65.0 + 5.7 years) with previous arterial bypass grafts 
(mean, 2.8 + 1.2 per patient) required reoperation for cardiac and aortic disease (3, valvular disease; 3, 
acute type I aortic dissection) during long-term follow-up. The mean interval between the initial operation 
and reoperation was 5.4 + 2.0 years. Grafts visualized by preoperative enhanced computed tomography 
were harvested as pedicles and clamped for myocardial protection. The total arch or ascending aorta 
was replaced in three patients. The aortic valve was replaced in two patients, and the aortic and mitral 
valves were replaced in one. 

Results: Durations for surgery, total cardiopulmonary bypass, and cardiac ischemia were 611.5 + 172.6, 
223.2 + 88.4, and 133.4 + 58.0 minutes, respectively. Perioperative myocardial infarction did not develop, 
and all patients recovered uneventfully with no neurological deficits. 

Conclusion: Bypass grafts should be preoperatively visualized and carefully exposed. Cardiac damage 


must be avoided during reoperation after coronary artery bypass grafting. 


Keywords: cardiac reoperation, aortic dissection, coronary artery bypass grafting, 


internal thoracic artery 


INTRODUCTION 


he number of patients who have undergone previous 

coronary artery bypass grafting (CABG) who will 
require cardiac or aortic reoperations will increase as the 
population ages.! However, treatment presents a complex 
clinical dilemma, especially for patients with functional 
grafts after CABG. The region from the internal thoracic 
(ITA) to the left anterior descending (LAD) artery is 
routinely used for primary CABG. Specific guidelines 
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for optimal management of functional ITA grafts at 
reoperations have not been established. We describe six 
patients who underwent further surgical procedures for 
cardiac and aortic disease late after CABG. 


PATIENTS AND METHODS 


Between January 2002 and December 2010, 459 patients 
underwent coronary artery bypass grafting at our institu- 
tion. Six patients (all males; mean age, 65.0+ 5.7 years) of 
them required a repeated operation for cardiac and aortic 
disease after a mean follow-up of 5.4+ 2.0 years. Two and 
four patients had undergone on- and off-pump CABG, 
respectively. The mean number of bypass grafts per pa- 
tient was 2.8 + 1.2. All six had been revascularized with 
arterial grafts (Table 1). Graft patency was confirmed by 
post-operative angiography. Three patients were referred 
to our institution with type A acute aortic dissection. 
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Case l 7 l EEE page 
Age Gender First procedure *Interval (y) Previous bypass APR paye 
ere S E EE a ec E EETA procedure 
| 65 M OPCABG 4.2 LITA-LAD TAR for dissection 
2 59 M On pump CABG 5.8 LITA-LAD Asc. Ao. Replacement 
(LITA)-RA-LCx1l2RITA- for dissection 
RCAseg2 
RGEA-4PD 
3 73 M OPCABG S LITA-LAD AVR due to AS 
(LITA)-RA-LCxI3RITA-RA- 
LCxi2 
RGEA-4PD 
4 64 M OPCABG 3:3 LITA-LAD AVR due to AS 
(LITA)-RA-LCx12RGEA-4PD 
5 59 M OPCABG 4.4 LITA-LAD Asc. Ao. Replacement 
RGEA-LCx 14 for dissection 
6 70 M On pump CABG 9.0 RITA-LAD AVR+MVR due to AS 
LITA-RA-LCx12 with MR 
RGEA-4PD 


“cee am E aeaaaee tt 


*Interval between first procedure and repeat operation. 


a n N eaea 


AS: aortic valve stenosis; Asc. Ao.: ascending aorta; AVR: aortic valve replacement; LAD: left anterior descending artery; LCx: left 
circumflex branch: LITA: left internal thoracic artery; MR: mitral valve regurgitation; MVR: mitral valve replacement; OPCABG: 
off pump coronary artery bypass grafting; RA: radial artery: RGEA: right gastro-epiploic artery: TAR: total arch replacement, 


4PD: posterior descending artery 


(LITA)-RA, Y composite graft of radial artery to LITA; LITA-RA. elongation graft of LITA with radial artery (1 composite): 
RITA-RA, elongation graft of RITA with radial artery (I composite) 


The other three were admitted due to progressive aortic 
valve stenosis (AS). Among these, one developed compli- 
cated congestive heart failure due to AS with mitral regur- 
gitation (MR). We visualized the previous CABG grafts 
using enhanced computed tomography (CT). Preoperative 
enhanced CT upon admission to our hospital visualized 
bypass grafts in the left (LITA) and right (RITA) internal 
thoracic arteries as well as the right gastroepiploic artery 
(RGEA). We usually performed coronary angiography 
with cardiac catheterization preoperative period except 
dissection cases. 


SURGICAL PROCEDURES 


A 5- to 6-cm transverse skin incision was made before 
the median sternotomy at about 1 cm below the middle 
and lateral part of the clavicle. Bilateral axillary arteries 
with or without the right femoral artery (FA) served as 
the perfusion site for all patients. The right axillary artery 
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(bilateral axillary arteries, when total arch replacement 
might be required), the right femoral artery and the right 
femoral vein were initially exposed to prepare the cardio- 
pulmonary bypass (CPB). After systemic heparinization, 
an 8-mm-diameter graft was anastomosed to the axillary 
artery for systemic arterial cannulation and these grafts 
were used for selective cerebral perfusion (SCP) when 
dissection was present. The heart, ascending aorta and 
previous bypass grafts were then exposed through a me- 
dian sternotomy under CPB assistance if necessary. We 
then exposed all previous bypass grafts with reference to 
preoperative CT images using a harmonic scalpel. These 
grafts could not be recognized by pulsation because of 
adherence around tissue. Thus, we exposed the previous 
bypass grafts with surrounding tissue en bloc to avoid 
damage to the grafts. We clamped the bypass grafts 
for myocardial protection with intermittent retrograde 
infused cold blood cardioplegia during the procedure. 
A left ventricular vent tube was inserted from upper 
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LITA 





Fig. 1 Computed tomography (CT) images and operative details of Case 5. 
A. Preoperative enhanced chest CT shows left internal thoracic artery (LITA) tightly ettached to chest 


wall. 


B. Pedicled LITA (arrow) and right gastroepiploic artery (RGEA) (dotted arrow) are safely exposed 


ard clamped during cardiac arrest. 


left pulmonary vein for decompression of left heart as 
possible. If the patient had a severe adhesion, which 
makes the procedure difficult to perform, we inserted 
the LV vent into the pulmonary artery. One patient who 
underwent LAD revascularizat-on with the RITA at a 
previous operation required RITA graft translocation as 
this vessel had crossed over the front of the ascending 
aorta, rendering an aortotomy for aortic valve replace- 
ment (AVR) impossible (Case 6). 

The ascending aorta was opened after being clamped 
immediately below the innominate artery in three patients 
with a need for valvular replacement. For patients who 
were to undergo a dissection, their systemic circulation 
was arrested after the rectal temperature had fallen to 
20°C, and then the aorta was opened. Antegrade SCP 
was established through vascular grafts anastomosed to 
the axillary arteries, and a perfusion catheter was placed 
directly into the left carotid and left subclavian arteries. 
The temperature of the antegrace SCP was maintained 
at 15°C, and cerebral perfusion was established at a flow 
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rate of 10-15 mL/kg/min, with a double roller pump that 
was separate from the systemic circulation. Pressure in 
the bilateral radial arteries and left carotid artery stump 
was monitored and controlled between 40 and 50 mmHg 
by regulating SCP flow. 

We replaced the total arch and the ascending aorta 
in one and two patients with dissection. We believe that 
distal repair should be sufficiently extended to excise 
aortic segments containing an intimal tear. One patient 
received a concomitant femoro-femoral arterial bypass 
for lower leg ischemia due to dissection. Two of the other 
three patients underwent AVR and one required AVR 
with mitral valve replacement (MVR). 


CASE FINDINGS 
Case 5. Aortic dissection developed in a 59 year-old 
man 4.4 years after initial OPCABG (LITA to the LAD 


and RGEA to the left cireumflex (LCx) branch). Although 
preoperative enhanced chest CT revealed that the LITA 
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Fig. 2 Computed tomography (CT) image cf Case 6. 


A. Preoperative enhanced CT shows right internal thoracic artery (RITA) (arrow), left internal 
thoracic artery (LITA) (dotted arrow) and right gastroepiploic artery (RGEA) (arrowhead). 
B. RITA has crossed over front of ascending aorta (arrow). 


(Fig. 1A) appeared tightly attached to the chest wall, we 
could replace the ascending aorta (Fig. 1B). The pedicled 
LITA and RGEA were exposed without damage and 
clamped during cardiac arrest. Post-operative angiogra- 
phy showed that the bypass grafts were well-preserved 

Case 6. A 70 year-old man, who had undergone ni- 
tial on-pump CABG (RITA-LAD, LITA-LCx brarch, 
RGEA to posterior descending artery), had frequently 
been admitted for congestive heart failure due to severe 
AS accompanied by severe MR. Preoperative enhanced 
CT at the time of admission to our hospital revealed the 
condition of LITA, RITA and RGEA (Fig. 2A). He aad 
significant left cardiac dysfunction with a 20% ejection 
fraction. We performed AVR and MVR 9 years after the 
first CABG. The pedicled LITA and RGEA were expcsed 
without damage and clamped during cardiac arrest. The 
RITA had crossed over the front of the ascending aorta 
(Fig. 2B), which obstructed aortic clamping and aortot- 
omy for AVR. Therefore, the RITA was cut and direstly 
anastomosed to the ascending aorta. He required support 
with intra aortic balloon pumping (IABP) for 2 cays 
after the procedure. Post-operative three-dimensional 
CT revealed well-preserved bypass grafts including the 
translocated RITA-LAD (Fig. 3). 
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Fig. 3. Post-operative computed tomography (CT) image of Case 6. 
Post-operative three-dimensional CT shows well-pre- 
served bypass grafts including translocated right gastro- 
epiploic artery (RGEA)-LAD (black arrow). 


RESULTS 
The surgical, total cardiopulmonary bypass and 
cardiac ischemic durations were 611.5 + 172.6, 223.2 + 


88.4 and 133.4 + 58.0 minutes, respectively. We applied 
SCP and hypothermic circulatory arrest to three patients 
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with dissection for 78.2 + 16.5 and 23.9 + 38.6 minutes, 
respectively. Mechanical ventilation was required after 
surgery for 3.3 + 3.4 days. Although the durations of 
surgery and relative CPB were significantly prolonged, 
all patients recovered uneventfully without neurological 
deficits or in-hospital death. Perioperative myocardial 
infarction did not arise, and post-operative CT and/or 
angiography confirmed that the bypass grafts were well 
preserved. One patient who underwent AVR with MVR 
required implantation with a cardioverter defibrillator 
for ventricular tachycardia and ventricular fibrillation 3 
months after the reoperation. With the exclusion of this 
patient, the mean hospital stay was 41.6 + 19.6 days. 


DISCUSSION 


The number of patients requiring further cardiac or 
aortic surgery after CABG is gradually increasing.” 
However, treatment for such patients presents a complex 
clinical dilemma, especially for those with functional 
grafts after CABG.2~ The optimal choice of manage- 
ment for cardiac or aortic recperation after CABG is 
inconclusive, and reports are sporadic.” The management 
of patent arterial grafts including the ITA during repeated 
cardiovascular surgery after CABG has also been con- 
troversial. Reported rates of damage to the conduit in the 
reoperation range between 5% and 40%.°~!) Damage to 
the LITA at reoperation 1s associated with perioperative 
mortality rates ranging from 9% to 50%.°-!) Gillinov 
and colleagues reported a 5.3% prevalence of damage to 
ITA grafts, associated with mortality rates of up to 50%.©) 
Therefore, operating under these conditions requires 
special considerations. Galinanes et al.!2 do not advo- 
cate dissecting or clamping a patent LITA or any other 
coronary bypass graft during repeated cardiac surgery, 
or special measures to protect an adequately perfused 
myocardium. Nevertheless, we believe that a patent 
graft can compromise myocardial protection owing to 
enhanced cardioplegia washout resulting from unencum- 
bered flow through the graft. Nakajima et al.” established 
myocardial protection with antegrade cardioplegia and 
cold blood perfusion of the ITA graft. They described 
that deep hypothermic SCP also protected the brain and 
the myocardium supplied by the ITA. However, we sup- 
pose that retrograde cardioplegia is useful to establish 
myocardial protection even at reoperation, especially for 
patients with severe coronary stenosis. Border zones of 
the perfused versus the arrested myocardium are, there- 
fore, at potentially high risk for ischemic injury. The goal 
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of clamping the LITA and the other arterial grafts is to 
reduce cardioplegia washout and maximize myocardial 
protection while the heart is arrested. 

Late acute type A aortic dissection after CABG is 
relatively rare, and treatment presents a complex clinical 
dilemma, especially for patients with a functional graft 
after CABG. Specific guidelines for optimal manage- 
ment have not been established, and reports have been 
sporadic. Shinfeld et al.” found that patients with type 
A ascending aortic dissection, who had undergone a 
CABG, have an additional advantage, insofar as their 
mediastinal adhesions prevent or delay progression of 
the dissection. Westaby et al.!® have achieved a lower 
mortality rate (6.3%) by applying a conservative method 
with preservation of the native aortic valve in high-risk 
patients. We performed emergency surgery for progres- 
sive heart failure due to aortic insufficiency in two of our 
patients and for continuous chest pain in one. Orszulak 
et al!) commented that delayed aortic dissection after 
cardiac surgery is not related to technical, operative 
errors or clamp injury, but to cystic medial necrosis or 
hypertension. We, therefore, suspect that the main trigger 
mechanism is not in fact surgical trauma but rather the 
pathological condition of the aortae of patients indicated 
for CABG surgery. 

In general, three strategies can be recommended for 
patients with patent ITA grafts.” The more popular tech- 
nique of clamping both the aorta and the ITA graft has the 
advantage of shorter CPB times, the application of moder- 
ate rather than deep hypothermia and maintenance of a 
uniformly cooler myocardium than the CPB temperature. 
However, clamping the ITA has the disadvantage of an 
inherent risk of ITA damage. The open ITA technique, 
in which there is no dissection or clamping of the ITA, 
has the advantages of requiring minimally invasive in- 
cisions and avoiding dissection of the ITA pedicle, thus 
ensuring a shorter operative duration and a decrease in 
potential risk. A unique feature of this strategy is the 
temperature difference between the myocardial areas; 
the myocardium is protected by cardioplegia (4°C) that is 
cooler than the CPB (20°C), but the ITA territory might 
approach the temperature of the CPB due to cardioplegia 
washout.’ The third strategy involves deep hypothermia 
and circulatory arrest without ITA or aortic cross clamp- 
ing, which prolongs an already lengthy procedure.) We 
believe that to protect the myocardium with cardioplegia 
is very important. Therefore, we prefer to harvest and 
clamp arterial grafts in these situations. 

Repeated cardiac operations compared with initial 
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procedures confer an increased risk of damage to the 
heart, great vessels and, when present, coronary bypass 
grafts.!® During repeated procedures, dissection of the 
mediastinal structures to identify and occlude patent 
coronary grafts can cause graft damage, typically re- 
quiring revision of bypass grafts, which is particularly 
disadvantageous if arterial grafts have been disrupted. 
Ismail et al.’ reported that retrosternal adhesiolvsis 
through an anterior minithoracotomy is a simple and 
safe approach to facilitate median redo sternotomy that 
also reduces the risk of associated complications, such as 
damage to grafts and cardiac structures. We approached a 
median sternotomy with a left anterolateral thoracotemy 
in one patient based on this principle. Chest X-rays must 
be carefully evaluated to establish the course of an FFA 
graft and its proximity to the chest wall before starting 
a repeat operation. The arteries of patients who have 
undergone repeated cardiac and aortic surgery alter 
CABG should be carefully exposed, and damage to by- 
pass grafts should be scrupulously avoided. Computed 
tomography scanning can evaluate retrosternal distances 
to structures at risk for injury,'’) and enhanced CT is 
useful for preoperative visualization of bypass grafts. 
Three-dimensional CT can clearly delineate the course 
of revascularized grafts and their proximity to the chest 
wall.'*) We exposed patent arterial grafts in pedicle form 
and surrounding tissues without damage in our patients 
with reference to preoperative CT images. We used the 
RITA for LAD revascularization in one of our patients 
because preoperative enhanced CT revealed that the 
RITA had crossed over the front of the ascending aorta. 
The RITA was finally cut and directly anastomosed to 
the ascending aorta. However, the pedicled LITA, as well 
as the RGEA and RITA, were safely exposed. Previously 
positioned grafts that cross the midline including the 
RITA-LAD graft cause more difficulties with accessing 
the aortic valve via a frontal aortotomy. Okamoto et al.!” 
obtained good outcomes using a preserved RITA-LAD 
graft for aortic valve reoperation. However, we opted to 
translocate the RITA graft to avoid damage during the 
procedure. The surgical challenges in these settings are 
to avoid damaging functional grafts, to secure myocardial 
protection and accomplish the surgical mission. These 
conditions require careful operative procedures. 








CONCLUSION 


Revascularized arteries should be carefully exposed, 
and damage to bypass grafts should be scrupulously 
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avoided during repeated cardiac and aortic surgery after 
CABG. Enhanced CT is useful for the preoperative vi- 
sualization of bypass grafts. 
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Impact of Aggressive Decongestion on the Maintenance 
Phase in Combined Physical Therapy for Lower Extremity 
-=  Lymphedema 


| Kotaro Suehiro, MD, Noriyasu Morikage, MD, Osamu Yamashita, MD, Yohikazu Okazaki, MD, 
| and Kimikazu Hamano, MD 


Objectives: To evaluate the impact of initial aggressive decongestion (Phase 1) on the maintenance phase 
of complex physical therapy (CPT). 

Materials and Methods: We reviewed 27 patients with unilateral and 3 patients with bilateral lower ex- 
tremity lymphedema who started CPT between April, 2009 and October, 2010. Twelve patients elected 
to undergo in-hospital Phase 1 (Group 1), wile the other 18 started CPT on an outpatient-basis without 
having Phase 1 (Group O). The extremity vouume was assessed at the beginning of CPT, and then 3 and 
6 months later. 

Results: A significant reduction in extremity volume was achieved in each group after 6 months of CPT: 
from 9049 + 1912 mL at the beginning to 7771 + 1486 mL (p = 0.0033) in group l; and from 7370 + 1392 mL 
to 7036 + 1241 mL (p = 0.0200) in group O. Hawever, after 6 months, extremity volume reduction (~845 + 
1283 mL in group I vs. —404 + 370 mL in groap O; p = 0.7672) and volume reduction rates (~23.6 + 22.7% 
in group I vs. —46.4 + 52.2% in group O; p = 0.2564) did not differ significantly between the groups. 
Conclusion: Phase 1 did not have a significant impact on the maintenance phase in terms of control of 
the extremity volume for at least 6 months ater the induction of CPT. 





Keywords: leg, lymphedema, combined physieal therapy 





INTRODUCTION 


_ physical therapy (CPT) is the main-stay 
of treatment for extremity lymphedema and gen- 
erally consists of two phases. Phase | is an aggressvve 
decongestion phase which includes skin care; manwal 
lymph drainage (MLD); and a range of motion exercises 
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and compression, typically applied with multi-layered 
bandages (MLB), all aimed at maximal decongestion. 
Phase 2, which is initiated promptly after Phase 1, aims 
to conserve and optimize the results obtained in Phase 1. 
It generally consists of compression with a low-stretch 
elastic stocking, skin care, continued remedial exercise, 
and repeated self-based MLD as needed.” This two-phase 
treatment has not achieved popularity in Japan; therefore, 
CPT is induced in various ways. Although patients un- 
dergo CPT only on a biweekly- or monthly-basis, they are 
often well controlled, mainly because successful CPT ts 
dependent on the patients’ diligence.*:*) Thus, we won- 
dered whether Phase | treatment is necessary and if so, 
what is the benefit of Phase 1 treatment? We conducted 
this study to clarify these points. 


Annals of Vascular Diseases Vol. 4, No. 4 (2011) 


PATIENTS AND METHODS 


The subjects of this study were 27 patients with 
unilateral lymphedema and 3 patients with bilateral 
lymphedema with minimal symptoms in either leg who 
commenced CPT at our clinic between April, 2009 and 
October, 2010. The diagnosis of lymphedema was made 
by physical examination, and skin ultrasound findings 
indicating inflammatory changes in the skin and the 
subcutis, and was finally confirmed by lymphangio- 
scintigraphy in all patients. Each patient was given an 
intradermal injection of 111MBq of ?™Te suspended in 
0.1 ml human serum albumin (°™Tc-HSA) into the first 
interdigital web. When the inguinal nodes and lymphatic 
trunks in the leg were not visualized within 1 hour from 
the injection, and/or this was accompanied by congestion 
of the ?°™Tc-HSA in the dermis (dermal back flow sign), 
it was interpreted as reduced lymphatic function. The 
choice of inpatient/outpatient, with/without phase 1 was 
totally dependent on patients’ preference. Twelve patients 
then elected to start Phase | treatment on an in-hospital 
basis (Group I), whereas 18 patients preferred to start CPT 
on outpatient-basis without undergoing initial aggressive 
decongestion (Group O). Seven patients in group 1 and 7 
in group O were aged over 70 years old. No patient wished 
to undergo Phase | treatment on an outpatient-basis. The 
patients in group I were admitted and given daily treat- 
ment, including MLD, MLB with low-stretch materials, 
and exercise by licensed lymphedema therapists and phys- 
iotherapists, as described by Földi et al.4 9 Toward the end 
of Phase 1, we instructed patients to care for themselves 
at home, which included care of the skin and methods 
of drainage and bandaging. When the extremity volume 
stabilized, and the patients’ self management of their 
legs was regarded to be sufficient, they were discharged 
to continue Phase 2 treatments. When complications of 
CPT developed, the treatment was discontinued imme- 
diately, and the patient was referred to specialists. After 
the complication had resolved, CPT was re-started from 
the beginning. Patients in group O were instructed in the 
same self-management methods as group J, at 1—4 week 
intervals depending on their ability. Although MLD and 
MLB were provided at each visit, this aimed mainly at 
demonstrating techniques. 

One patient from group I and two patients from group 
O were excluded from the final analysis. The patient 
from group I suffered increased seepage from a lym- 
phocele in the scrotum when the leg was wrapped, so his 
compression therapy was modified to mild below-knee 
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Fig. 1 Points of measurement. 
At the upper edge of the patella, circumferences were 
measured at 10 cm intervals, upward to the level of the 
pubis, and downward to the ankle, The distances of a and 
b were measured separately for calculation. The distances 
between a and b were measured separately for calculation. 


wrapping, leaving significant amount of edema in the leg 
intentionally. One patient from group O was not able to 
continue treatments because of worsening lumbago, and 
another patient from group O withdrew from the study 
because of cancer recurrence needing admission. Thus, 
we assessed 27 patients, 11 patients in group I and 16 
patients in group O. 


Data collection 


Limb measurements were done by the same operator 
at inclusion, being at the end of Phase 1 in group I, and 
then 3 and 6 months after the initiation of CPT. The 
points of measurements are shown in Fig. 1. Starting at 
the upper edge of the patella, At the upper edge of the 
patella, circumferences were measured at 10 cm intervals, 
upward to the level of the pubis, and downward to the 
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RE A tet a et a Aaah A te AARP RANE IARI LA ARP APE EE PEE 


Lanera n ne e EEN I te ep eh Aa aaa HALE AAA AORTA RENOIR RAE NO RO meat matte aA ANA A MaRS POPPA NERS AAPA YA 


Age (years) 7446 
Male: Female 2:9 


BMI (kg/m?) 


Initial volume difference 


iti 7 2816 + 1545 
between the extremities (ml) 816 + 154 


Etiology 0 
Primary 1] 
Secondary síp Total hysterectomy 


+ LN dissection 
s/p Total hysterectomy 
+ LN dissection 
+ irradiation 
sip Prostatectomy 
+ LN dissection 
síp Inguinal debridement 


due to trauma 


| 
ISL stage 
| Q) 
2 9 
3 2 


l 


64413 0431 
3:13 
24.1 43.0 N.S. 
1221 + 674 0009 
2 
13 


s/p Total hysterectomy 
+ LN dissection 8 


s/p Prostatectomy 


+ LN dissection 2 
s/p Penile amputation 
+ LN dissection | 
sip Radical resection for 
synovial sarcoma | 
s/p Radical vulvectomy 
+ LN dissection | 


ISL: the International Society of Lymphology; s/p: status post-; N.S.: not significant 


ankle. The distances of a and b were measured separately 
for calculation. The volume of the limb was calculated by 
the following formula for a truncated cone, as described 
by Casley-Smith®?; 


V =h(C? + Ce + c?y/120 


where V is the volume of an extremity segment, C and e 
are the circumferences at each end, and h is the distance 
between the ends. Thus, the extremity volume is the sum 
of all segment volumes except for the foot. 

The actual volume reduction was calculated as; 
(Extremity volume after treatment)-(Extremity volume 
before treatment). 

The volume reduction rate was calculated as; 
{(Extremity volume after treatment)—(Extremity volume 
before treatment)!/{(Extremity volume before treatment)— 
(Contra-lateral extremity volume)}. 

In the patients with bilateral lymphedema, the larger 
leg was assessed and the other leg was regarded as 
control. 


308 


Statistical analysis 


Results are expressed as means + standard deviation 
or count (percentage), unless otherwise indicated. The 
Wilcoxon signed rank sum test was used to determine 
the significances of the changes in extremity volumes, 
the actual volume reductions, and the volume reduction 
rates in each group. The Mann-Whitney U-test was used 
to compare the above parameters between the groups. 
Statistical analyses were performed using StatView J-5.0 
(SAS Institute, Cary, NC, USA). A p-value of less than 
0.05 was considered significant. 


RESULTS 


Table 1 summarizes the patient characteristics of 
both groups. Patients in group | were older (group |: 
74 + 6 years vs. group O: 64 + 13 years, p = 0.0431) and 
had larger differences in extremity volume between the 
legs (group I: 2816 + 1545 ml vs. group O: 1221 + 674 ml, 
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Fig. 2 Changes in extremity volumes. 





Post-Phase 1 


Aggressive Decongestion in CPT 


3 months 6 months 


*: significant versus the value at the beginning of CPT in group | 
**: significant versus the value at the beginning of CPT in group O 


§: significant between the groups 


p = 9.0009), while body mass indices were similar (group 
I: 25.2 + 3.5 kg/m? vs. group O: 24.1 + 3.0 kg/m?, 
p = 0.6761). 

The hospital stay for group I was 10-15 (mean 12) 
days. One patient suffered an increase in systolic blood 
pressure to >200 mmHg on the first night of Phase 1, but 
this was settled with adjustment of the bandage pressure. 
Thereafter, she completed Phase 1 without further prob- 
lems. Another patient complained of chest discomfort 
on the first day of Phase 1. Her CPT was discontinued 
immediately and she was referred to a cardiologist. 
Although the findings of screening electrocardiogram 
were within the normal range, she was found to have 
significant coronary artery stenosis causing angina. Af- 
ter successful coronary intervention, Phase 1 treatment 
was re-started and completed without problems. There 
were no reported complications in group O. All of these 
patients were instructed in the self-management methods 
over 6—12 (mean 8) weeks. _ 

The changes in extremity volume, actual volume re- 
duction, and volume reduction rates for both groups are 
shown in Figs. 2—4, respectively. Throughout the study 
period, affected extremity volume was larger in group 
I than in group O: at 9049 + 1912 ml vs. 7370 + 1392 ml 
(p = 0.0089) at inclusion, 8413 + 1170 ml vs. 7059 + 
1321 ml (p = 0.0089) at 3 months, and 8204 + 1182 ml vs. 
7036 + 1241 ml (p = 0.0179) at 6 months, respectively. 
In group I, the extremity volume decreased from 9049 + 
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1912 to 7771 + 1486 ml (p = 0.0033) at the end of phase 
1, accounting for a —1278 + 873 ml, —49.5 + 26.0% reduc- 
tion. However, toward the end of 6 months, it increased 
again to 8204 + 1182 ml. This was still a significant re- 
duction (p = 0.0044) from the initial volume. In group O, 
the extremity volume decreased gradually from 7370 + 
1392 ml to 7036 + 1241 ml (p = 0.0200) over 6 months. 
The actual volume reduction in group I vs. group O was 
—595 + 1178 ml vs. —382 + 383 ml (p = 0.7298) at 3 months 
and —845 + 1283 ml vs. —404 + 370 ml (p = 0.7672) at 6 
months, respectively. The volume reduction rate in group 
I vs. group O was —13.8 + 20.4% vs. ~42.5.4 42.8% (p = 
0.1671) at 3 months and —23.6 + 22.7% vs. ~46.4 + 52.2% 
(p = 0.2564) at 6 months, respectively. There were no 
significant differences between the groups. When looking 
at the individual actual volume reduction, the changes 
in extremity volume were relatively mild and uniform 
in group O, whereas they were varied much in group I. 


DISCUSSION 


The results of this study show that Phase 1 treatment, 
involving initial aggressive decongestion, does not im- 
pact significantly on the maintenance phase, in terms of 
control of the extremity volume, for at least 6 months 
after the induction of CPT. . 

CPT consists of meticulous skin care, MLD, compres- 
sion therapy, and decongestive exercise therapy. It usually 
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Fig.3 Changes in actual volume reductions (A) and volume reduction rates (B). 
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Fig. 4 Individual actual volume reduction. 


starts with the decongestion phase (Phase 1), in which 
MLB and MLD are applied by trained therapists on daily- 
basis. It aims to drain the pool of protein-hyaluronic acid 
fluid and maximally restore the extremity volume. This 
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is followed by Phase 2, in which patients maintain the 
results of Phase 1 actively, by using elastic compression 
hosiery and, if necessary, self-based MLD, MLB, and 
skin care.” 
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The effectiveness of Phase 1 in relieving lower extrem- 
ity lymphedema has been described, particularly in rela- 
tion to reducing the extremity volume beyond 6 months 
from Phase 1.7-2 Budger et al. verified the effectiveness 
of using MLB first, before the wearing of compression 
hosiery. They found that edema reduction at 24 weeks was 
better for patients who had used MLB for 18 days, and 
then wore compression hosiery, than for those who wore 
only compression hosiery.' After an average follow-up 
of 9 months, Ko et al. also reported that reduced extremity 
volume was maintained in 82% of patients with lower 
extremity lymphedema, who were compliant with their 
treatment.” In the current, retrospective study, since the 
choice of inpatient/outpatient were totally dependent on 
patients’ preference, the enrollment of the patient was 
significantly biased. This may be interpreted that older 
and more diseased patients tended to prefer in-hospital 
treatments. Taking this biased enrollment into account, 
we assessed changes in the extremity volume using 3 dif- 
ferent parameters, namely the extremity volume, actual 
volume reduction, and volume reduction rate, and there 
was no statistical differences between changes in each 
of the values. 

However, this aggressive decongestion phase seems to 
have distinct advantages. Both the patient and physicians 
and therapists can recognize and share the best shape of 
the current extremity at the end of Phase 1, which is a 
tentative goal of the next step and a strong incentive for 
the patient. It is thought that 24-hour MLB and daily 
MLD, including a tissue softening technique, offer the 
better results. Moreover, patients are often moved deeply 
by the therapists’ diligence during Phase 1, which again 
inspires the patient to pursue life-long treatment. Phase 
1 complications are discovered more easily than those 
of Phase 2 because Phase 1 is carried out in the hospital, 
and Phase 2, in the home of the patient. As we reported, 
aggressive decongestion can cause serious complications, 
especially at the beginning when a large amount of in- 
terstitial fluid shifts into the circulation in a short period. 
None of the group O patients reported complications, 
although it is highly likely that we simply were unaware 
of any. Földi et al. describes the compelling reasons for 
starting Phase 1 on an in-patient basis as follows: ma- 
lignant lymphedema, lymphedema of the head and the 
genitalia, poor general condition with or without serious 
complications and/or infection, infants, advanced disease 
such as lymphorrhea, and transportation problems.» All 
of these criteria are proposed to ensure patients’ safety 
and strictness of treatment, promoting successful CPT. 
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Two-phase CPT may be ideal, but some patients are too 
busy to attend to daily treatments or to be admitted, and 
the others cannot afford the expense. For these patients, 
we provide advice on self-management techniques, de- 
signed according to what they can achieve. Since Phase 
| treatment is performed in few institutes in Japan, the 
opportunities are limited. We know, however, that many 
patients are doing well and keeping their extremities in 
very good shape despite the difficulties. Indeed, the suc- 
cess of CPT depends on patients’ diligence. Conversely, 
non-compliance is associated with a poorer response to 
CPT.*; 9 If the patient does not consistently wear their 
compression hosiery, relapse is imminent.>) and the af- 
fected extremities will return to the pre-treatment state 
within 1 week.” | 

A few of our patients could maintain the minimum 
extremity volume achieved in the course of Phase 1. This 
stands to reason since the treatments provided by trained 
specialists would be surely more effective than self-based 
management. Unfortunately, there are too few therapists 
to provide constant support for these patients, and fam- 
ily support is often difficult, which isolates the patient 
further, and may eventually result in failure of the CPT. 

The goal of CPT varies according to each patient’s life 
style and perspectives. Patients with leg lymphedema for 
decades are often so accustomed to the edema that they 
are happy with any reduction in swelling; however, they 
might become noncompliant if the treatment is too much 
trouble for them. In the present study, 7 of the 12 patients 
in group I and 7 of the 18 patients in group O were over 
70 years. Weak, elderly patients may find it difficult to 
put on compression tights or bandages on their legs and 
may feel that the hosiery is burdensome. Moreover, the 
lower extremity pathophysiology is complicated and 
multi-factorial, often complicated with functional venous 
insufficiency, and thus hard to manage.!)) 

Phase | treatment seems indicated for patients who 
accept it and its goals are higher, particularly in terms 
of extremity volume; however, the absence of Phase 1 is 
not a failure of CPT, and should be accepted. CPT aims 
not only to control extremity volume, but it also helps 
to prevent malignancies, such as angiosarcoma,” and 
reduce cellulitis.” The patient’s ability to incorporate 
CPT comfortably in their life is the key to them making a 
life-long commitment. From our perspective, an efficient 
insurance system for patients and medical staffs, more 
lymphologists and trained therapists, and adequate infor- 
mation and support are necessary to achieve successful 
CPT results in Japan. 
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Since this is a retrospective study of a small number 
of patients, we cannot make a definite conclusion. How- 
ever, we do believe that the tendency is similar in every 
institute, thus justifying the need for a randomized, pro- 
spective study. The frequency of cellulitis and malignant 
formation as well as quality of life should also be assessed 
in a larger number of patients over a longer period. 


CONCLUSION 


We conclude that Phase | treatment is effective for 
reducing the extremity volume, but is not truly necessary 
to maintain the extremity volume reduced for at least 6 
months in the current Japanese situation. For successful 
CPT, we should endeavor to incorporate it properly for 
each patient. The overall medical system supporting 
patients with lymphedema needs to be improved. 
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Open Repair of Infra Renal Abdominal Aortic Aneurysms: 
A Single Center Experience from the Developing World 


Nalaka Gunawansa, MBBS, MD, Thushan Goonerathne, Rezni Cassim, and Mandika Wiyeyaratne 


Introduction: In the absence of endovascular aneurysm repair due to financial constraints, Abdominal 
Aortic Aneurysm (AAA) in Sri Lanka is managed exclusively by open surgery. We report our experience 
with open AAA repair with emphasis on peri-operative morbidity and mortality. | 
Methods: Seventy nine consecutive open AAA repairs were carried out between April 2004 and March 2010. A 
multiple regression model was used to identify predictors of significant peri-operative morbidity and mortality. 
Results: Mean age of the study cohort was 68 years. There were 63 (80%) males and 16 (20%) females. 
Mean aneurysm diameter was 6.4 (3.5—9.70) cm. Twenty seven (34%) underwent emergency surgical 
repair (group-1) while 52 (66%) had elective repair (group-2). 

The peri-operative mortality was 10/27 (37%) in group-1, 4/52 (7.6%) in group-2, (p = 90.0035). Significant 
post-operative morbidity was seen in 5/17 (29%) in group-1 and 7/48 (15%) in group-2, (p = 0.27). Aneu- 
rysm diameter >7 cm (p = 0.001), emergency repair (p = 0.004), history of smoking (p = 0.002), aortic 
cross-clamp time >60 minutes (p = 0.044), and need for post-operative ventilwation >24 hours (p = 0.024) 
were found to be independent predictors of peri-operative mortality or significant morbidity. 
Conclusion: Open aneurysm repair still has a strong place especially in the limited resource setting, with 
acceptable outcomes. 


Keywords: open aortic aneurysm repair, peri-operative morbidity and mortality, limited resource setting 


INTRODUCTION 


he peri-operative morbidity and mortality of open 
Abdominal Aortic Aneurysm (AAA) repair varies 
widely among different centers, depending on case volume 
and surgical expertise. Most ‘high volume’ centers report 
an operative mortality rate of less than 5% for elective repair 
and 30% —50% for emergency repair.'~) There is also a 
severe dearth of published data on the operative outcomes 
of AAA in the developing world with limited resources. 
We, in the University Surgical Unit at the National 
Hospital of Sri Lanka (NHSL), are one of just three special- 
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ized vascular units in the country serving a population of 
20 million. All three units function at the NHSL, which is 
the largest tertiary care hospital in the country situated in 
the capital Colombo, with a bed-strength of over 4000. There 
is approximately equal distribution of cases among the units 
with an annual case volume of 15—20 each. This is a govern- 
ment sponsored national health care system with free health 
care for all. Even for the limited number of patients seeking 
private health care, costs of endovascular stenting are pro- 
hibitive. Hence, the management of AAAs in Sri Lanka is 
exclusively by open repair. We report our experience with 
open AAA repair in the era of endovascular stenting, with 
emphasis on peri-operative morbidity and mortality. 


METHOD 


We performed a retrospective analysis of prospectively 
collected data on all AAA referred to our unit between 
April 2004 and March 2010. The primary prospective 
database was supplemented by information retrieved 
from individual case notes and clinic records. An AAA 
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was defined as a focal dilatation of the infra-diaphraz- 
matic aorta with a maximal diameter of over 3 cm on 
cross sectional imaging with Computerized Tomography 
(CT) scan. All thoraco-abdominal, supra-renal and is»- 
lated iliac aneurysms were excluded from the study. 
All patients with clinically apparent or suspected ane.- 
rysm rupture were offered surgical repair on an emergency 
basis. Among those who had no evidence of rupture, all 
symptomatic AAAs, mycotic aneurysms and asymptomatic 
aneurysms with a maximal diameter of over 5.5 cm on CT 
were offered elective surgical repair. Those who declined 
_ Surgery, or were found to be poor surgical candidates with 
an unacceptable mortality risk due to overwhelming c3- 
morbidities (American Society of Anesthesiologists physical 
status classification; ASA P4 or worse) were managed 
conservatively. Those who had asymptomatic AAA witk a 
maximum diameter of <5.5 cm were entered in to a conser- 
vative management program with risk factor modificatiors. 
This latter group was followed up at six monthly intervels 
with abdominal ultrasonography to monitor aneurysm ex- 
pansion. Those who developed ‘new’ symptoms, attributatle 
to the aneurysm or had an aneurysm expansion rate of 
>0.5 cm per six months, were offered elective surgical repair. 
All open AAA repairs were preferentially carried out 
-= via a midline trans-peritoneal approach. Polyester (Da- 
cron) grafts were used in 14 mm and 16 mm sizes depend- 
ing on the healthy native aortic diameter. The greft 
morphology (tube versus bifurcated) was dependent on 
the extent of the aneurysm. Accordingly, simple aortic 
end to end repair was carried out in aneurysms confined 
to the aorta with a favorable common ostium at the iliac 
bifurcation while aorto-iliac or aorto-femoral end to side 
repairs were carried out for aneurysms extending in to 
the iliac arteries. The immediate post-operative care was 
in the surgical Intensive Care Unit (ICU) with selective 
ventilation. Subsequent care was in the general surgical 
ward. Following discharge, all patients were followed up 
as outpatients at approximately 2—4 week intervals for 
the first 3 months. The long-term follow up was either at 
the NHSL or the regional hospital of the patient’s choice. 
All patients who underwent open aneurysm repair were 
studied further to identify possible markers of peri-oper- 
ative morbidity and mortality. The variables studied were 
gender (male, female), age (<70, >70), history of smoking 
(yes, no), diabetes (yes, no), history of coronary artery 
disease; CAD (yes, no), preoperative renal impairment 
(Serum creatinine <120 pmol/L, >120 pmol/L), maximum 
aneurysm diameter on CT (<7 cm, 27 cm), nature of the 
surgery (elective, emergency), aortic cross-clamp time 
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(<60 mins, >60 mins), operative blood loss (<1 L, >1L), 
and need for post-operative ventilation (<24 hours, >24 
hours). In-hospital mortality and post-operative morbidity 
(day 0-30) was assessed using the Clavien-Dindo (CD) 
classification system for surgical complications.) Accord- 
ingly, In-hospital mortality (CD grade V) was taken as the 
primary end point while significant post-operative morbid- 
ity requiring surgical, radiological or endoscopic interven- 
tion (CD grade III) or life threatening organ dysfunction 
(CD grade IV) were taken as secondary end points. 

Categorical variables were summarized with frequen- 
cies and percentages. Continuous variables were sum- 
marized with the mean + standard deviation. Univariate 
analysis was performed using Spearman’s rank correla- 
tion in the case of continuous variables and Wilcoxon 
rank-sum tests in the case of binary variables. Multiple 
logistic regression analysis was used to identify risk fac- 
tors for significant post-operative morbidity and peri- 
operative mortality. Statistical analysis was performed 
using SPSS (version 15.1) software. 


RESULTS 


A total of 141 successive patients with infra-renal AAA 
were managed in our unit during the study period. The 
demographic and baseline characteristics of the patient 
population are shown in Table 1. Among them, 33 (23%) 
had clinical evidence of aneurysm rupture on the first as- 
sessment. Six of these patients who were in profound shock 
succumbed prior to reaching the operating room while the 
remaining 27 (Group 1) underwent emergency surgical 
repair. One hundred and eight patients (77%) had no 
clinical evidence of aneurysm rupture and were managed 
electively. Among them, 32 (23%) were found to have 
asymptomatic AAA with a maximum diameter of <5.5 cm 
on CT scan. These patients were managed with risk factor 
modifications and ultra sound surveillance at six monthly 
intervals. Seventeen (12%) such patients have subsequently 
been lost to follow up while 7 developed ‘new’ symptoms 
or were found to have significant aneurysm expansion and 
were operated on an elective basis. Of the remaining 8 
patients, 4 have died due to unrelated causes while the 
other 4 continue to be on the surveillance program. 

Seventy six (54%) of the patients managed electively were 
either symptomatic or had a maximal aneurysm diameter 
of >5.5 cm and were considered for elective surgical repair. 
Twelve such patients declined surgical intervention while 
19 were found to have unacceptable peri-operative mor- 
tality risk (vide infra) and were managed conservatively. 
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Table 1 Baseline characteristics of the patient population 


(n = 141) 

Variable n % 
Age 

>70 years 717 55 

<70 years 64 45 
Gender 

Male 122 87 

Female 19 13 
Presentation i 

Elective 108 77 

Emergency 33 23 
Co-existing conditions 

Coronary artery disease 66 47 

Diabetes mellitus 30 21 

Chronic obstructive pulmonary disease 41 29 

Impaired renal function 29 21 

History of smoking 98 70 

Hypertension 54 38 


The remaining 45 patients underwent elective AAA repair. 
Along with the 7 patients who were operated while on sur- 
veillance, the total number of elective surgical repairs was 
52 (Group 2). Figure 1 summarizes the management of all 
AAA referred to our unit in the period studied. Demographic 
and baseline characteristics of the surgically repaired AAA 
(Group 1 & 2) are shown in Table 2. 

The primary reasons for patients being considered as 
having unacceptable peri-operative mortality risk for 
elective aneurysm repair were significant cardiac disease 
(congestive cardiac failure, unstable angina, recent myo- 
cardial infarction within 3 months or poor cardiac func- 
tional status), 15; severe Chronic Obstructive Pulmonary 
Disease (COPD) with poor lung function tests, 6; and 
chronic kidney disease stage IV or V with serum creati- 
nine of >200 mol/L, 7. Nine patients had more than one 
of the above risk factors. 

The mean age of those who underwent surgical repair 
was 68 years (range 35—86). Sixty three (80%) were male 
while the remaining 16 (20%) were female. The maximal 
aneurysm diameter among this group ranged from 3.5— 
9.7 cm with a mean of 6.4 cm. There were three aneu- 
rysms operated with a maximal diameter of less than 5.5 
(3.5, 4.1 and 4.2) cm due to clinical and radiological evi- 
dence of infection. All three presented with a history of 
fever, leukocytosis, elevated inflammatory markers and 
a saccular aneurysm on imaging. Infection in the aneu- 
rysm wall was proven by microbiological cultures from 
intra-operative samples taken in two of these aneurysms 
(Klebsiella species and mycobacterium tuberculosis), 
while the third failed to show any significant microbial 
growth in culture despite strong clinical suspicion. The 
clinical presentation at the time of being considered for 
surgical repair is summarized in Table 3. 

The mean operative time in group 1 was 4.7 hours 
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Fig. 1 The breakdown of 141 petients with infra-renal AAA 
managed by our unit from April 2004—March 2010. 


Table 2 Baseline characteristics of patients who underwent 
open surgical repair (n = 79) 


Variable n % 
Age 68.3 + 5.8 

>70 years «44 56 

<70 years 35 44 
Gender 

Male 63 80 

Female 16 20 

Presentation 

Elective 52 66 

Emergency 27 34 
Co-existing conditions 

Coronary artery disease 40 51] 

Diabetes mellitus 9 I] 

Chronic obstructive pulmonary disease 29 sF 

Impaired renal function 16 20 

History of smoking 47 59 

Hypertension 22 28 
Aneurysm diameter 6.4 + 0.7 

<5.5 cm 15 19 

5.5-7 cm 30 38 

>7 cm 34 43 


(range 3—6 hours) compared to 4.3 hours (range 3—7 
hours) in group 2 (p >0.05). The operative time was 
calculated as total ‘in room’ time spent in the operating 
theatre. The duration of post-operative ventilation was 
significantly different between the two groups, with 22/27 
(80%) of group 1 being ventilated for more than 24 hours 
compared to 28/52 (54%) of group 2 (p <0.01). The mean 
duration of ICU stay was 4 (range 1-8) days and 2 days 
(range 1-5) for groups 1 and 2 respectively, (p <0.01). 
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Table 3 Clinical presentation of the repaired AAA n= 79 





Presentation n Yo 
Asymptomatic; diameter > Diameter =5.5 cm 2] aT 
Asymptomatic; with Expansion >0.5 cm/6months | l 
i Abdominal pain +⁄—back pain 17 22 
Symptomatic Back pain alone 10 13 
Claudication / distal gangrene 3 4 
Abdominal pain/ back pain i4 18 
Rupture/ Leaking n = 27 collapse 12 iS 
Primary aorto-intestinal fistula | | 


Table 4 Basic comparison of ruptured AAA repaired on an emergency basis (Group 1) and non- 
ruptured AAA repaired electively (Group 2) 


Variable 

Operative time 

Post-op ventilation beyond 24 hrs 
Post-op ICU stay 

in-hospital mortality 
Post-operative morbidity 


Table 4 summarizes the findings in groups | and 2. 
The in-hospital mortality was 10/27 (37%) in group | 
and 4/52 (7.6%) in group 2, (p = 0.0035). Among the 10 
deaths in group 1, 6 died per-operatively due to massive 
hemodynamic disturbances and blood loss. The remain- 
ing 4 died while in the ICU due to myocardial ischaemia 
(2) and multi organ dysfunction (2). The causes of death 
in group 2 were myocardial ischaemia (2), acute bilateral 
subdural hemorrhage (1) and multi organ dysfunction (1). 
Significant post-operative morbidity was seen in 5/17 


The significant morbidities included myocardial isch- 
aemia (5), pneumonia (5), acute kidney injury (3), acute 
lower limb ischaemia (3), colonic ischaemia (2) and burst 
abdomen (1). All three patients with acute kidney injury 
required temporary dialysis and recovered completely 
between 14—25 days. Two patients with acute limb isch- 
aemia were successfully treated by embolectomy and 
fasciotomy respectively while the third patient required 
a below knee amputation. One patient with colonic isch- 
aemia required laparotomy and colonic resection while 
the other who had mild ischaemic colitis responded to 
conservative management. 

Multivariate analysis of risk factors (Table 5) showed an 
aneurysm diameter >7 cm (p = 0.005), emergency surgical 
repair (p = 0.011), aortic cross-clamp time >60 minutes 
(p = 0.034), and the need for post-operative ventilation >24 
hours (p = 0.021), as independent predictors of in-hospital 
mortality and significant post-operative morbidity. Other 
variables studied including age, gender, history of smoking, 
diabetes, hypertension, renal insufficiency and operative 
blood loss did not show statistical significance. 
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Group | (n = 27) 
3.7 hrs (2-6) 
22/27 (80%) 
4d (1-8) 
10/27 (37%) 
5/17 (29%) 


Group 2 (n = 52) p value 

3.5 hrs (2--7) p >0.05 

28/52 (54%) p <0.01 

2d (1--S) p <0.01 

4/52 (7.6%) p <0.05 

TAS (15%) p >0.08 
DISCUSSION 


This is an audit of 141 consecutive AAA managed in our 
unit during a period of 6 years. Our indications for surgical 
intervention were in accordance with internationally ac- 
cepted protocols and recommendations. ® Approximately 
one quarter of the AAA referred during the study period 
had clinical or radiological evidence of aneurysm rupture 
at first presentation. The in-hospital mortality for emergency 
repair of ruptured AAA was 37%. In addition, non-fatal 
significant post-operative morbidities were encountered in 
29%, Among those whe underwent elective surgical repair, 
the in-hospital mortality and significant post-operative 
morbidity rates were 7.6% and 15% respectively. 

The reported incidence of peri-operative adverse events 
in open AAA repair varies widely in the literature. A meta- 
analysis of the reported literature showed a 30-day operative 
mortality rate for elective infra-renal AAA repair ranging 
between 1.4% and 6.5%.” For ruptured AAA, the reported 
mortality rate ranges between 23% and 69%.*:* 1® While 
certain high-volume centers of excellence report very low 
mortality rates (from 0% to 1.2%),>!!!>) multi-institutional 
nationwide data continue to show significantly higher in- 
cidence of mortality ranging between 4.2% and 8.4%. 19 
This discrepancy has been seen as a result of the case 
volume related difference in outcome. Many reports have 
identified a strong relationship between the operative 
outcome and case volume of the individual surgeon or the 
institution. Birkmeyer and colleagues'? 1” reported elective 
AAA repair mortality rate of 7.8% for low volume centers 
(<17/year), as opposed to 4.9% in high volume (>79/year) 
centers. Our own elective aneurysm repair mortality rate 
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Table 5 Multivariate analysis of risk factors for peri-operative adverse events 


Variables 


Total AAA — Operative mortality and 


Univariate analysis Multivariate analysis 


repairs (N) morbidity n (%) p OR (95% CI) p 
Gender; ce 7 i 0.63 0.06-5.14 0.62 
Age: 270y 44 oN 0.85 0.12-4.22 0.71 
| l <70y 35 I} (31) l 
History of smoking ; a - 0.12 0.86--49,08 0.07 
Diabetes; ie A - A 0.45 00.21-54.72 0.39 
CAD: ue r = 0.90 0.2-5,27 0.98 
COPD; ka a : on 10 0.85-1.92 0.87 
Renal insuff.: ye n Me pe 0.52 0.011-2.26 0.18 
AAA diameter ; 7 m 7 a 0.002 2.43--136.4 0.005 
Surgery; = een . - a 0.007 1.75-77.77 0.01] 
Aortic cross clamp: a wes me z a 0.02 1.16-42.03 0.034 
Operative blood loss; 2! L 7 Ht ae 0.07 0,03-1.3 0.09 
Perop. blood transfusion: Gs - “i 0.09 0.07-2.39 0.13 
porn hiveraigiahsel: ae t : a ) 0.011 0.01-1.1 0.017 
Postop ventil.: oe i ta oe 0.014 135-3825 0.02 















CAD: coronary artery disease: COPD: chronic obstructive airway disease 


of 7.6% with a case volume of 15-20 per year compares 
favorably with these findings. 
Despite many recent advances in surgical and anesthetic 


peri-operative management, the operative mortality after 


open repair of ruptured AAA has remained fairly constant. 
A meta-analysis by Hoornweg and colleagues'*) in 2008 
which included over 100 studies and approximately 60000 
patients with ruptured aneurysms showed an overall mor- 
tality rate of 48.5% for open repair. This high mortality rate 
is probably related to factors such as delay in recognition 
and intervention, extreme hemodynamic instability, pro- 
found blood loss and suboptimal peri-operative care in the 
emergency setting.'® !”) The situation is no different in Sri 
Lanka where all suspected ruptured AA As are referred and 
transferred to the NHSL for definitive care. The average 
travel time for transfers is around 6 hours with distances 
that may exceed 250 km. Further, there is very limited 
critical care support during transfer with only basic support 
available in the ambulance systems. In addition, many such 
patients initially present to and are investigated in non- 
specialized units prior to vascular surgical referral causing 
considerable delay in definitive intervention. Furthermore, 
the logistical difficulty in obtaining emergency access to 
the operating theatre confounds the problem. 
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Despite being the largest tertiary hospital in the country, 
there is no dedicated operating facility for vascular surgical 
emergencies. A single ‘casualty’ operating room is shared 
among all general surgical emergencies including vascular 
emergencies. There is limited intensive care back up with 
only 8 ventilator beds available for elective and emergency 
surgical admissions. Despite a falsely reassuring 37% mor- 
tality for operated ruptured AAA compared to the interna- 
tional figures, the overall mortality for all ruptured aneu- 
rysms referred to our unit during this period is 48.5% (16/33). 

Various factors have been reported as predictive fac- 
tors for peri-operative adverse events after elective open 
AAA repair. These include advanced age, large aneurysm 
diameter, pre-operative renal dysfunction, history of 
smoking, COPD, CAD, prolonged aortic cross-clamp 
time, greater operative blood loss and intra-operative 
myocardial ischaemia.® 184D While COPD and intra- 
operative myocardial ischaemia were not studied sepa- 
rately, we did not find gender, age, pre-operative renal 
dysfunction, diabetes and CAD to be independently 
predictive of peri-operative adverse events in our study 
population. History of smoking and greater operative 
blood loss showed a positive association with morbidity 
and mortality, albeit not statistically significant. However, 
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aneurysm diameter >7 cm, emergency surgical repair, 


aortic cross-clamp time >60 minutes and the need for 


post-operative ventilation >24 hours were found to be 
independent predictors of in-hospital mortality and sig- 
nificant post-operative morbidity. 

One limitation in the present study is its retrospective 
nature. However, with a comprehensive prospective cata 
base maintained since 2002, supplemented by retrieved 
individual case records, we believe that the data included 
in the study was complete and representative with minimal 
bias. Another possible limitation is that we have not con- 
sidered aneurysm morphology (saccular or fusiform), 
possible infective or inflammatory aetiology, COPD and 
intra-operative myocardial ischaemia as separate variables 
in our analysis. Aggressive investigation of all patients 
with cardiac enzyme assays was also not carried out insthe 
absence of clinical justification. In addition, even thoagh 
operative blood loss was considered in the analysis, we 
have not considered the transfusion needs or its effect. 

In conclusion, the management of AAA in Sri Lanka 
at present is almost exclusively by open surgical repair. 
Ours unit is one of only three specialized units in the 
country managing AAA with approximately equal dis- 
tribution of cases numbering 15-20 per year. A collective 
nationwide audit has not been possible as there were no 
published records from the other centers up to the time 
of writing. Our observed operative mortality and morbid- 
ity rates for open repair of infra-renal AAA compare 
favorably with the reported figures in the literature for 
both ruptured as well as non-ruptured aneurysms. 
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Early and Long-term Effects of the Autologous Peripheral 
Stem Cell Implantation for Critical Limb Ischemia 
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Objective: Therapeutic angiogenesis by peripheral blood mononuclear cells (PB-MNCs) implantation has 
been shown to be a safe and effective treating for critical limb ischemia (CLI). We herein report our 
investigation of the long-term efficacy of implantation of granulocyte-colony stimulating factor (G-CSF)- 
induced PB-MNCs to treat patients with CLI for which surgical bypass and/or percutaneous translumi- 


nal angioplasty are not possible. 


Methods and Methods: Eleven cases were enrolled in this study. Following an injection of G-CSF (250 
ug/day) for 3 days, PB-MNCs (1.1 + 0.5 x 10!° including 1.5 + 0.2 x 10’ CD34-positive cells) were har- 
vested by apheresis and then injected into 13 ischemic limbs. 

Results: Resting pain either diminished or improved in 10 cases (91%) at 4 weeks, and ulcer formation 
was cured in 6 out of 10 limbs (60%) after treatment. The time required to enhance the arteries at the 
level of foot-joint by angiography which was performed in the abdominal aorta was shortened by | month 
(10 + 4 seconds) and 6 months (12 + 1) compared with the pretreatment time (15 +5). Three patients died 
after treatment, and the actuarial survival rate at 3 years was 73%. Freedom from major amputation at 


3 years was 92%, 


Conclusion: The local injection of G-CSF-induced PB-M NCs showed striking early and long-term effects. 


Keywords: peripheral blood mononuclear cells, arteriosclerosis obliterans, thromboangiitis 


obliterance, critical limb ischemia. angiogenesis 


INTRODUCTION 


Critical limb ischemia (CLI) due to arteriosclerosis 
obliterans (ASO) or thromboangtitis obliterance (TAO) 
is a disease that significantly decreases a patients’ quality 
of life because of leg pain, ulceration, and gangrene. 
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Although several therapies, including medical and surgi- 
cal procedures, may reduce patients’ symptoms and 
improve the condition of their legs, a lot of patients are 
not candidates for surgery or percutaneous transluminal 
angioplasty, and 25% of CLI patients requires a major 
amputation of a leg within | year after the first diagnosis 
of CLI.” Recently, a new therapy using bone marrow 
mononuclear cells (BM-MNCs) has been developed to 
treat CLI, and the implantation of granulocyte-stimula- 
tion factor (G-CSF)-derived peripheral blood mononu- 
clear cells (PB-MNCs) into the ischemic limb have also 
been shown to be effective.2-) However, a few reports) 
of critical limb ischemia have. so far, examined the long- 
term (>3 years) effect of PB-MNCs therapy for CLI. We 
herein report the acute and long-term effects of PB-MNCs 
therapy against CLI. 
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Table 1 Profiles of the patients underwent PB-MNCs therapy 








Case Gender Agé Rest pain Ulcer DM HD Diagnosis 
LC) Male 75 + — + + ASO 
2 (L) Female 72 + + + ASO 
3 (R) Male 69 + + + + DM 
3 (QL) Male 69 + + + + DM 
4 (L) Male 70 + + + ~ ASO 
5 (L) Male 79 + + ~ ASO 
6 (R) Female 83 + + + + ASO 
7(L) Male 74 + ~ 5 ~ ASO 
8 (R) Female 82 + + = = ASO 
9 (R) Female 81 + + + ~ TAO 
9 (L) Female 8] + + + = TAO 
10 (L) Male 69 + - 2 ~ ASO 
11 (R) Female 83 + + - a ASO 
L: left lower limb; R: right lower limb; HD: hemodialysis; DM: diabetes mellitus; ASO: arteriosclerosis obliterans; TAO: 
thromboangiitis obliterans 
MATERIALS AND METHODS recognized in 10 legs of 8 patients. Six patients were 


Patients with CLI suffering from rest pain and/or ulcer 
formation on the limbs for at least three months, which 
did not improve despite possible bypass graft operation 
and/or medical treatment, were included in this study. 
All patients underwent angiography before this treatment, 
and 2 radiologists and 3 vascular surgeons evaluated 
whether PTA and/or bypass grafting was possible. When 
it was determined that it was impossible to perform PTA 
and/or bypass grafting, we then considered PB-MNCs 
therapy. Patients with severe ischemic heart disease, 
cerebrovascular disease, proliferative diabetic retinopa- 
thy, malignancy within one year, or who were unable to 
give fully informed consent, were excluded. After aJ- 
proval by the medical ethics committee of Shimonoseki 
City Hospital, 11 patients (13 legs) underwent the PB- 
MNCs therapy during from December 2006 to May 2008. 
All patients underwent angiography before and after 
PB-MNCs therapy. Two radiologists carried out the an- 
giographic examination of the lower body from the 
brachial artery and injected contrast medium into the 
abdominal aorta near the bifurcation. We measured the 
time from the injection of the contrast medium to the 
starting point of the enhancement of the artery at the level 
_ of the foot-joint. Characteristics of the patients are shown 
in Table 1. All patients were suffering from rest pain, 
and ulcer formation with and without gangrene were 
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suffering from diabetes mellitus (DM) and 3 patients 
underwent hemodialysis for chronic renal failure. Nine 
patients were suffering from arteriosclerosis obliterans 
(ASO), and the rest was suffering from DM angiopathy 
(case 3) or thromboangiitis obliterans (TAQ; case 9). 
Previous treatments for patients are listed in the Table 2. 
All patients underwent medical treatment at least 3 
months before PB-MNCs therapy. Two patients had al- 
ready undergone major amputation in the contra-lateral 
limb. Patients with diabetic angiopathy and TAO and one 
patientwith ASO had only been treated medically before 
PB-MNCs therapy. The rest of the ASO patients had 
undergone PTA and/or bypass surgery before PB-MNCs 
therapy. 


PROTOCOL FOR PB-MNCs THERAPY 


Patients were injected with 250 ug of G-CSF subcu- 
taneously for 3 days, and the next day PB-MNCs were 
harvested by cell apheresis using a cell separator (COBE 
Spectra™, GAMBRO BCT, Lakewood, USA), in a final 
suspension volume of approximately 50 ml. We harvested 
1.1 + 0.5 x 10! total mononuclear cells, of which 1.4 + 
0.5 x 107 were CD 34 positive cells. Within a few minutes 
after harvesting PB-MNCs, the collected stem cell sus- 
pension was divided into 0.5 ml with a syringe and in- 
jected with a 26 gauge needle into 40—60 points of the 
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Table 2 Previous treatments of the patients underwent PB-MNCs therapy 








Case Previous treatment 

PTA to Lt. EIA. Graft replacement of Lt. EIA and Rt. FA. 
2 PTA and Bilateral FPAK bypass (twice). Amputation of the contra-lateral limb. 
3 Medication 

4 Lt. FPBK bypass. Amputation of the contra-lateral limb. 
5 PTA to Rt. CIA and EIA 

6 PTA to bilateral CIA and CFA 

7 FF bypass 

8 Resection of the gangrene of the Lt. 2nd finger. 

9 Medication 

10 Lt. FPBK bypass. PTA to Lt. ATA, 

E Medication 


nee ian a a a a a eg 
PTA: percutaneous transluminal angioplasty; EIA: external iliac artery; FA: femoral artery; FPAK: 
femoro-popliteal above knee; FPBK: femoro-popliteal below knee; CIA: common iliac artery; CFA: 


common femoral artery; FF: femoro-femoral; ATA: anterior-tibial artery 


Table 3 Results of ulcer after PB-MNCs therapy 





No. Size (mm) 


ent tt RRNA NARA iere ae virile rnin ierenrmipennniiiuiustirutii-—rpmravinn 


Improvement Recurrence 


2 (22 x 20, 12 x 8) + — 


2 (18 x 10, 10 « 8) + ” 


Case Gender Age Ulcer 
2(L) Female 72 + 
3 (R) Male 69 + 
3 (L) Male 69 + 
4 (L) Male 70 + 
5 (L) Male 79 + 
6 (R) Female 83 + 
8 (R) Female 82 + 
9 (R) Female Si 

9 (L) Female 8] + 
H (R) Female 83 $ 


I (8 * 8) 
I (5 x 5) 
| (5 3) 
1 (8 x 5) 
| (5 x 5) 
I (8 x 5) 


1 (10 x 5) 


I (5 x 5) 


-+ 





L: left lower limb; R: right lower limb; No.: number 


ischemic limb under venous anesthesia using midazolam 
(0.5 mg/kg). All patients were discharged from our hos- 
pital on the fifth day. 


RESULTS 


There were no significant side effects of this procedure 
during the five days of hospitalization. Ten (91%) of 11 
patients reported either diminished or deceased rest pain 
at 2 weeks after PB-MNCs therapy. Table 3 shows the 
number, size and fate of the ulcers after treatment. Ulcer 
formation was completely cured or improved in 8 (80%) 


Annals of Vascular Diseases Vol. 4, No. 4 (2011) 





out of 10 legs at 4 weeks after PB-MNCs therapy, while 
no improvement of ulcer formation was observed in the 
other 2 cases during the follow-up period. Recurrences 
of ulcers were observed in 2 patients (Table 3). Thus, 
60% of ulcers were cured without recurrence after PB- 
MNCs therapy. Figure 1 shows an improvement of an 
ischemic ulcer in one patient (case 2 in Table 1). One 
patient died of pneumonia at 3 months after PB-MNCs 
therapy. This patient underwent a major amputation, | 
month after PB-MNCs therapy. 

The ankle-brachial index (ABI) was improved from a 
baseline of 0.77 + 0.21 to 0.91 + 0.27 and 0.99 + 0.] at | 


Nishida T, et al. 





Fig. 1 Ulcer formation in case 2 (A) was com- A 
pletely healed after PB-MNCs therapy (B). 


and 2 months after PB-MNCs therapy, respectively, and 
the ABI was still higher one (0.84 + 0.28) and two years 
(0.90 + 0.13) later. The time required to enhance the arter- 
ies at the level of the foot-joint by angiography was sig- 
nificantly shortened at 1 month (10 + 4 seconds, p <0.05) 
and 6 months (12 + 1) after PB-MNCs therapy compared 
with the time of before treatment (15 + 5, Fig. 2). 

The actuarial survival rate and freedom from major 
amputation of the lower limb at 36 months after PB- 
MNCs therapy were 73% and 92%, respectively (Fig. 3). 
The causes of death were a hepatic coma and sepsis in 2 
patients (cases | and 6) and pneumonia (case 7) in | 
patient. Because no severe infection was observed in the 
lower limb of patients in a septic state, we did not carry 
out amputation of the lower limb. Both patients finally 
died of hepatic coma and septic shock due to necrosis of 
the small intestine. 
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Fig. 2 The time required to enhance the arteries by angiography 
at the level of the foot-joint was significantly shortened at 
| month (10 + 4 seconds, p <0.05) after PB-MNCs therapy 
compared with the time of pretreatment (15 + 5). 


DISCUSSION 


In this report, we demonstrated the superior early and 
long-term results of PB-MNCs therapy for critical limb 
ischemia. Thanks to PB-MNCs therapy, rest pain was 
diminished or decreased in 91% of the patients and isch- 
emic ulcer formation was cured without recurrence in 
60% ofthe legs. The actuarial survival rate and freedom 
from major amputation of the lower limb at 36 months 
after PB-MNCs therapy were 73% and 92%, respectively. 

According to the ACC/AHA guidelines,” the progno- 
sis of critical limb ischemia is relatively poor. Twenty-five 
percents of the patients require major amputation of the 
diseased limb, and only 50% of the patients will be alive 
with two limbs at one year after diagnosis of critical limb 
ischemia. It is, therefore, important to develop new treat- 
ment for CLI, especially those who are not indicated for 
surgery. Recently, angiogenetic therapeutic methods 
using bone marrow mononuclear cells (BM-MNCs) for 
CLI have been shown to have beneficial effects. ’) How- 
ever, one-third of the treated patients did not respond 
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Fig. 3 Actuarial survival rate (A) and freedem from A 
major amputation of the lower limb (B) at 36 lia 
months after PBMNCs therapy were 73% and B 
92%. 


well, and it is sometimes difficult to use BM-MNCs in 
the high-risk patients because general anesthesia is re- 
quired to obtain a significant number of BM-MNCs. 
Therefore, less-invasive PB-MNCs therapy has been 
developed to treat CLI. 

Hoshino et al.7) described the efficacy of PB-MNCs 
therapy for CLI patients with diabetes mellitus on hemo- 
dialysis. Skin perfusion pressure, skin temperature, and 
ABI were maintained at a higher level than those at 
baseline during the 6 months after PB-MNCs therapy. 
Huang et al.” compared the efficacy between BM-MNCs 
therapy and PB-MNCs therapy to treat CLI. According 
to their study, comparative analysis revealed that at 12 
weeks after cell implantation therapy, improvement of 
ABI, skin temperature, and rest pain was significantly 
better in PB-MNCs patients than BM-MNCs patients. 
Although the exact explanation was not clear, the authors 
speculated that the role of G-CSF used in PB-MNCs 
therapy might have exerted some favorable effects to 
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promote superior results, because G-CSF induced the 
production of several growth factors. Although other 
reports*' have also described the beneficial effects of 
PB-MNCs therapy, only a few reports have so far exam- 
ined the long term effects of PB-MNCs therapy. Horie et 
al.” reported a 2 year survival rate of 65% and a | year 
amputation free rate of 70% in ASO patients after PB- 
MNCs therapy. 

We followed 11 patients for over 3 years and observed 
3 deaths and one major amputation after PB-MNCs 
therapy. Two patients among the 3 dead patients under- 
went hemodialysis for end-stage renal failure. Although 
one patient died of sepsis at 4 months after treatment, and 
the other died of a hepatic coma at 12 months after the 
treatment. One patient underwent major amputation, 2 
months after the PB-MNCs therapy, and later died of 
severe pneumonia. This was the only patient who required 
major amputation after PB-MNCs therapy, and the re- 
maining 10 patients have not undergone any major am- 
putation, indicating a superior amputation free ratio of 
92% at three years after PB-MNCs therapy. We also 
showed that the time required to enhance the arteries by 
angiography at the level of the foot-joint was significantly 
shortened at | month after PB-MNCs therapy. Although 
it is difficult to clarify the exact mechanism responsible 
for these superior long term effects, once improved micro- 
circulation induced by PB-MNCs therapy might continue 
to enhance the favorable effects for local circulation of 
the ischemic limbs. 

Our study has, therefore, demonstrated that G-CSF- 
induced PB-MNCs therapy showed striking early and 
long term results, however, because of the relatively small 
number of patients enrolled this study, more patients and 
a longer follow-up duration will be required to confirm 
our data. 
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A Case of a Mycotic Aneurysm of the Superficial Femoral 
Artery Infected by Mixed Bacterial Species 


Thushan Dhananja Gooneratne, Suhashini Sriskantha, and Mandika Wijeyaratne 


A 65-year-old woman, recently diagnosed with diabetes, presented with fever and a warm, pulsatile, 


tender mass over the medial aspect of her left thigh 


. She gave a history of diarrhea two weeks earlier. All 


lower limb pulses were present. CRP was 18.3 mg/l with evidence of neutrophil leukocytosis. 

Contrast angiography demonstrated a saccular aneurysm in her left superficial femoral artery (SFA). 
The aneurysm and surrounding infected, necrotic muscle was excised, and the limb was re-vascularized 
in-situ. Cultures from the aneurysmal wall grew both coliform bacilli and Staphylococcus aureus. A 
mycotic aneurysm of the SFA, following a previous gastroenteritis, harbouring both staphylococcal and 


coliforms, makes this case unique. 


Keywords: mycotic, aneurysm, rare 


INTRODUCTION 


mycotic aneurysm is a localized, irreversible arterja! 
dilatation due to destruction of the vessel wall by 
infection. It is a serious, clinical condition with significant 
morbidity and mortality, first described by Osler in 1885.” 

Mycotic aneurysms can arise after an infection ofa 
previously healthy artery wall, or through secondary in- 
fection of a pre-existing aneurysm. Historically, mycotic 
aneurysms have been documented in most sites, including 
the abdominal aorta, femoral artery, as well as superior 
mesenteric, brachial, iliac, and carotid arteries”) Mycotic 
aneurysms of the femoral artery, however, are a rarity, 
accounting for merely 0.8% of all aneurysms.” 

Gram positive organisms, such as Staphylococcus and 
Streptococcus species, as well as gram negative Salmo- 
nella, are some of the commonly cultured pathogens, A 
mycotic aneurysm of the superficial femoral artery (SFA), 
following a previous gastroenteritis and harbouring both 
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staphylococcal and coliforms, makes this case even rarer 
and all the more unique. 


Case DESCRIPTION 


A 65-year-old woman, recently diagnosed with diabe- 
tes, presented with fever and a warm, pulsatile, tender 
mass over the medial aspect of her left thigh with overly- 
ing bluish discoloration. There was no preceding history 
of trauma, superficial infection or any medication that 
would predispose her to infections. However, she had had 
right lower quadrant abdominal pain and fever two weeks 
earlier. There was no associated blood or mucous passage. 

On examination, she was febrile and had a pulsatile, 
tender, rapidly enlarging mass over the medial aspect of 
her left thigh with bluish discoloration of the overlying 
skin. All her lower limb pulses were present. Preliminary 
investigations revealed a CRP value of 18.3 mg/l with a 
white blood cell count of 22700 /ul with neutrophil leu- 
kocytosis. Her fasting blood glucose level was 6.8 mmol/l 
and within normal parameters. 

Contrast angiography, preceded by color duplex, local- 
ized a saccular aneurysm in the SFA, 6 cm from its origin 
(Figs. 1 and 2). Surgical exploration was undertaken, 
considering the rapid expansion and septic nature of the 
lesion. The entire aneurysm with a segment of SFA and 
its surrounding infected, necrotic muscle was excised. 


Gooneratne T, et al. 





Fig. 1 Contrast angiography localizing the aneurysm in the 
left superficial femoral artery to 6 cm from its origin. 





Fig. 2 Digitally subtracted image dem- 
onstrating the saccular nature of 
the aneurysm. 





Fig. 3 Histopathology revealing arterial wall musculature infiltrated by neutro- 


phils, with areas of calcification and mucinous degeneration. 


The limb was re-vascularized using a proximal to distal 
SFA reverse saphenous vein graft, which was inserted 
through uninfected tissue. 

Histopathology revealed arterial wall musculature 
infiltrated by neutrophils, with areas of calcification and 
mucinous degeneration (Fig. 3). The surrounding skeletal 
muscles, too, showed necrosis and diffuse infiltration 
with neutrophils and abscess formation. Culture taken 
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from the aneurysmal wall grew both coliform bacilli 
and staphylococcus aureus. Serum agglutination test for 
salmonella serotypes was negative. 

The postoperative period was uneventful. The CRP fell 
to 8.7 mg/dL, and the WBC fell to 13700, 1 week after 
the aneurysmal operation. At the time of discharge, the 
values had further declined to normal parameters. Patient 
is to be followed up at the surgical clinic as an outpatient. 
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DISCUSSION 


We report a case of a mycotic aneurysm of the SFA as 
a delayed complication of gastroenteritis due to coliform 
bacilli. Although she had a rapid recovery from the diar- 
rheal episode, bacteremia from gastroenteritis probably 
ensued and established a vascular focus for infection. 

The commonest organisms involved are Staphylo- 
coccus (30%) followed by Salmonella (10%),”) whereas, 
Escherichia coli is the commonest cause of bacteraemic 
induced mycotic aneurysms.” This patient demonstrates 
an example of a microbiological growth, cultured from 
the aneurysmal wall consisting of both staphylococcus 
and coliform species. 

The reason as to why she harbored a mixed growth 
can be explained by the immuno-compromised state 
of the patient owing to diabetes mellitus. The primary 
focus of sepsis remains to be the gastroenteritis, which 
was incompletely managed. A second infection through 
the canula site may account for the staphylococcal sep- 
ticemia. Interestingly, the patient revealed very little 
symptoms of harboring a virulent organism like Staphy- 
lococcus aureus. 

Her presentation was typical of that of a mycotic aneu- 
rysm, with a pulsatile mass (52%), bruit (50%) and fever 
(48%). The diagnosis was also supported by leukocytosis 
(64%-71%).%) 

Surgical options for operative treatment of mycotic 
aneurysm include either extra-anatomic or 1n-situ recon- 
struction.) There is, however, no clear indication for a 
certain operative technique, and the decision is usually 
made according to the surgeon’s preference.® 

Extra-anatomic reconstruction-requires multiple 
operations to restore the natural direction of blood fiow, 
whereas in-situ reconstruction offers a definitive solution 
via a single operation.” However, in-situ reconstruction 
has been discouraged due to concerns regarding anas- 
tomotic or graft destruction by persistent infection.® In 
recent years, in-situ reconstruction has slowly gained 
popularity.” Currently, endovascular repair has emerged 
as an alternative therapy for patients who have high op- 
erative risks that prohibit open surgery.” 

Taking into consideration, the general health status 
of the patient, the site of arterial infection and local 
surrounding, we too opted for an in-situ reconstruction. 
All infected and devitalized tissue was excised at the 
time of surgery. We were able to ensure successful graft 
patency by preserving a 3 cm long, macroscopically 
healthy arterial segment both proximal and distal to the 
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aneurysm. Even though the anastomosis had taken place 
in its wound bed, containing infected arterial and muscle 
tissue, the patient recovered well and was discharged for 
future follow up. 


CONCLUSION 


A pulsatile vascular mass with evidence of inflam- 
mation and infection is most often a mycotic aneurysm, 
even if in an uncommon site. 

This patient demonstrated a mixed microbiological 
growth of both staphylococcus and coliform species and 
maybe explained by her immune-compromised state 
owing to diabetes mellitus. The primary focus of sepsis 
appears to be the gastroenteritis, which was incompletely 
managed. A second infection through a cannula site may 
account for the staphylococcal septicemia. 

An extra-anatomic reconstruction is not essential 
for mycotic aneurysms. Case experience recommends 
adequate debridement with preservation of a 3-cm long, 
macroscopically healthy arterial margin for future in-situ 
reconstructions of mycotic aneurysms. 
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A Case of LMT Reconstruction Using Superficial Femoral 


Dissection 


Artery Graft in the Patient with Type A Acute Aortic 


Shota Yasuda, MD, Kiyotaka Imoto, MD, PhD, Keiji Uchida, MD, PhD, Daisuke Machida, MD, 


and Hiromasa Yanagi, MD, PhD 


A 76-year-old woman underwent a Bentall procedure for acute aortic dissection. A dissection involving 
half of the proximal portion of the left main coronary artery trunk was confirmed. The dissected site 
2 was resected, and a section of the superficial femoral artery was harvested and used as an interposition 
| graft between conduit and the residual left main trunk. Two years after surgery, the graft remained well 
| patent. If the coronary dissection involves only the left main artery trunk, the superficial femoral artery 
should be used as an artery graft for the anatomical reconstruction, potentially leading to better early 


and late outcomes. 


Keywords: coronary artery dissection, superficial femoral artery graft, bentall’s operation 


INTRODUCTION 


An root replacement is indicated in patients with 
acute aortic dissection who have annuloaortic ec- 
tasia or external rupture of the aortic root. The coronary 
ostium is generally reconstructed by the button technique, 
but reconstruction is challenging if the dissection involves 
a coronary artery. We describe our experience with a pa- 
tient in whom external rupture of the left main trunk was 
found during surgery for aortic dissection. The affected 
site was removed and reconstructed with a superficial 
femoral artery graft, resulting in a good outcome. 


Case REPORT 


The patient was a 76 year-old woman with a history 
of hypertension and asthma (being treated with oral 
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therapy). Her family history was not relevant to the cur- 
rent disorder. The patient presented to a local physician 
because of chest pain and was admitted for follow-up 
observation. Subsequently, the chest pain resolved, but 
contrast-enhanced computed tomography (CT) of the 
chest revealed a dissection of the ascending aorta, with 
an increase in lumen diameter. Retention of pericardial 
fluid was noted. The patient was referred to our center to 
undergo surgery. On admission, the height was 146 cm, 
the body weight was 43 kg, the blood pressure was 157/97 
mmHg, and the pulse rate was 120 beats per minute. The 
patient did not have chest pain at presentation. On chest 
auscultation, there was no cardiac murmur. 

Chest radiography showed that the cardiothoracic 
ratio was 63.5%, indicating an upper mediastinal exten- 
sion. On 12-lead electrocardiography, the sinus rhythm 
was normal. The heart rate was 120 beats per minute. 
The axis of the heart was normal, with no ST-segment 
deviation. Contrast-enhanced CT of the chest revealed 
a thrombosed-type acute aortic dissection. An ulcer- 
like projection was found in the descending aorta, The 
dissection was classified as DeBakey type IHR (Fig. 1). 
The diameter of the ascending aorta had increased to 
55 mm, with pericardial fluid retention. The pericardial 
fluid appeared to be bloody because the CT attenuation 
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Fig. 1 


A: A dissection involving half of the proximal portion of the left main coronary artery trunk was confirmed 
at surgery. The diameter of the ascending aorta had increased to 55 mm. An ulcer-like projection was found 


in the descending aorta (white arrow). 


B: Pericardial fluid retention was evident. The CT attenuation value of the pericardial fluid ranged from 40 to 


50 Hounsfield un:ts, suggesting rupture of the aorta. 


C: A cross-sectional slice of the LMT (white arrow). Dissection of the LMT was unclear. 


LMT: left main trunk; CT, computed tomography 





Fig. 2 Intraoperative findings. 


The superficial femoral artery graft was anastomosed 
end-to-end to the conduit. 
(Black arrow: superficial femoral artery graft) 


value of the pericardial fluid ranged from 40 to 50 Houn- 
shield units, suggesting a rupture of the ascending aorta. 
An emergency operation was thus performed. 
Transesophageal ultrasonography showed that the di- 
ameter of the sinus of Valsalva had increased to 58 mm. 
We therefore decided to perform an aortic root replace- 
ment. Artificial grafts were anastomosed end-to-side to 
the right axillary artery. The pericardium was incised 
after extracorporeal circulation had begun. The peri- 
cardial fluid was bloody, but there was no evidence of 
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active bleeding. The ascending aorta was clamped. When 
a coronary artery cuff was formed, the dissection was 
found to involve about half of the circumference of the 
left main trunk. A rupture hole was noted in the adventitia 
around the left main trunk (LMT). Because there were 
no other adventitial ruptures, this site was considered the 
source of bleeding. 

Conventional reconstruction using the button tech- 
nique was not feasible. On further examination, the 
dissection was found to involve only the proximal half 
of the entire length of the left main trunk. We decided to 
resect the involved portion. Because it was considered 
difficult to directly anastomose the left coronary artery 
to a conduit, we used a portion of the left superficial 
femoral artery as an interposition graft. About 4 cm of 
the left superficial femoral artery was harvested. The 
left superficial femoral artery was reconstructed using 
a left great saphenous vein. Because the diameter of the 
aortic annulus was 23 mm, a 19-mm St. Jude Medical 
Mechanical Hemodynamic Plus® prosthesis was placed 
ina 22-mm Hemashield® straight graft to form a conduit. 
The conduit was sutured to the aortic valve annulus with 
13 2-0 Ethibond EXCEL” sutures. The superficial femo- 
ral artery graft was anastomosed end-to-end to the distal 
portion of the left main trunk, using 6-0 Prolene“ sutures. 
Next, the proximal end of the superficial femoral artery 
graft was anastomosed end-to-side to the conduit, using 
5-0 Prolene” sutures (Fig. 2). The length of the interposi- 
tion graft was about 2 cm. Subsequently, low-temperature 
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A: Postoperative coronary angiography showed no anastomotic strictures. 

B: Computed tomography of the coronary artery about 2 years after the operation revealed good patency 
of the superficial femoral artery graft. 
(White arrow: superficial femoral artery graft) 


circulatory arrest was performed, and the distal end of 
the ascending aorta was reinforced with a Teflon felt strip 
and anastomosed to the conduit. The duration of aortic 
clamping was 312 minutes. 

After the completion of aortic root replacement, the 
patient was easily weaned from extracorporeal circula- 
tion. The durations of extracorporeal circulation (377 
minutes) and surgery (625 minutes) were prolonged, 
leading to severe cardiac edema. Primary sternal closure 
was, therefore, difficult, and the patient was transferred 
to the intensive care unit without closing the sternum. 
On the third postoperative day, secondary sternal closure 
was performed. 

Coronary angiography before discharge showed no 
anastomotic stricture (Fig. 3). About 2 years after sur- 
gery, coronary artery CT showed no clinically significant 
strictures (Fig. 3). The patient is now being followed up 
on an outpatient basis. 


DISCUSSION 


Our patient required aortic root replacement because 
of type A acute aortic dissection with an enlarged sinus 
of Valsalva. Reconstruction by the Bentall technique was 
precluded by adventitial rupture of the LMT. We initially 
considered ligation of the left main trunk, followed by by- 
pass surgery with a great saphenous vein graft. However, 
we decided to resect the dissected left main trunk and then 
perform anatomical reconstruction using the autologous 
superficial femoral artery as an interposition graft. 
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Three alternative methods can be used for coronary 
artery reconstruction: graft interposition, coronary cuff 
reinforcement, and CABG. Piehler et al. performed coro- 
nary artery reconstruction using small-caliber artificial 
grafts,” but anastomosis to the artificial graft was difficult 
because the distal diameter of the left main trunk was less 
than 5 mm. A technique using the great saphenous vein as 
an interposition graft has been proposed, but carries the 
risk of kinking if the graft is too long.” The development 
of late graft disease can be life-threatening. LMT cuff 
reinforcement is a commonly used technique. In patients 
with adventitial rupture of the LMT, however, the use of 
a Carrel patch is not feasible. Ligation and bypass with 
a saphenous vein graft is simple and straightforward. 
However, this technique carries the risk of graft disease 
because artificial vessel grafts are used as the recon- 
structed aorta. 

The superficial femoral artery can be easily harvested, 
has an adequate wall thickness, and Is easy to handle even 
in deep regions; anastomosis is thus relatively easy to 
perform. The caliber of an autologous superficial femoral 
artery graft is only slightly larger than that of the distal 
end of the left main trunk, and the use of an autologous 
graft decreases the risk of graft disease. 

To our knowledge, a reconstruction procedure similar 
to the one described in this study has not been docu- 
mented previously. Morimoto et al. reported that inter- 
position methods are useful,*) and our techniques may be 
advantageous in patients who undergo root replacement 
in second cardiac operation. However, the superficial 
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A Case of LMT Reconstruction Using Superficial Femoral Artery Graft in the Patient with Type A Acute Aortic Dissection 


femoral artery has a relatively higher risk of atheroscle- 
rosis, potentially leading to stenosis or occlusion.) Two 
years after surgery, graft patency is good in our patient, 
but close follow-up is required to ensure that the graft 
remains patent. 


CONCLUSIONS 


In our patient, dissection involving the main trunk 
of the left coronary artery was detected during surgery 
for aortic dissection. The dissection was resected, and 
reconstruction was done with a superficial femoral artery 
graft. The superficial femoral artery was used for the 
reconstruction because it is anatomical and associated 
with long-term patency. Outcomes are good, 2 years 
after surgery. 
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The Management of Persistent Sciatic Artery Aneurysm 
with Lower Extremity Ischemia: A Case Report 


Bin Chen, MD, Zhenyu Shi, MD, Yugi Wang, MD, Weiguo Fu, MD, and Weimiaa Li 


We report a case of lower extremity ischemia caused by a persistent sciatic artery aneurysm . The patient 
was successfully treated with a ringed expanded polytetrafluoroethylene (ePTFE) graft and recovered 
uneventfully. The graft was patent during the follow-up and no signs of kinking or restenosis. 


Keywords: persistent sciatic artery, aneurysm, duplex scanning 


INTRODUCTION 


Po sciatic artery (PSA) is a rare congenital vas- 
cular anomaly with an incidence of 0.03%-0.06%.? 
The anatomic characteristic of the artery has brought vari- 
ous complications such as atherosclerosis and aneurysm 
formation.”’ The latter had a relatively high incidence 
of 48% and could be associated with lower extremity 
ischemia which may result in amputation.” We report 
a PSA aneurysm with lower extremity ischemia treated 
with a ringed graft. 


Case History 


A 62-year-old underweight woman complained of a 
pulsatile mass in the right buttock and claudication for 9 
months without any related recent trauma or surgery. The 
ankle brachial index was 0.77, indicating mild ischemia. 
She experienced coldness and paresthesia of the right 
leg. Examination of her right lower extremity revealed a 
weak palpable femoral artery pulse but no distal pulses. 
The pulsatile mass in the buttock was about 5 cm witha 
mild tender and clear boundary. The contralateral arteries 
were all clearly palpable. 
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Duplex ultrasound (DU) scanning and computed 
tomography angiography (CTA) were conducted. DU 
scanning showed a semi-thrombotic enlargement of the 
sciatic artery with both proximal and distal arterial wall 
hypertrophied. The aneurysm sac was shuttle-shaped 
and 4cm in diameter. Subsequent CTA revealed the 
panorama of the PSA aneurysm (Fig. 1). As tlustrated 
by the images, the aneurysmal artery has a stenosis at the 
distal neck (Fig. 1, arrow) which may be responsible for 
the lower extremity ischemia. The PSA had substituted 
the femoral artery as the main blood supply of the lower 
extremity. The popliteal artery was the continuation of 
the PSA. Compared to the contralateral normal femoral 
artery system, the affected arteries were circuitous and 
hypoplasia, which may aggravate the distal ischemia. 

Open surgery was performed with a ringed graft 
(Gore-Tex, USA) in a prone position. An incision was 
made in the right buttock over the course of the PSA. 
The aneurysm sac was exposed entirely with two ends 
dissected till normal segments. The aneurysmal sac was 
then opened and transplantation was performed using 
an &-mm graft within the sac. The graft ends were both 
sutured to the normal arterial segments, and the wall 
of the sac was closed over the graft (Fig. 2). The whole 
procedure was conducted within the aneurysm sac to 
minimize the adverse impact on surrounding tissues, 
such as the sciatic nerve. Six days later, the ankle brachial 
index was 0.82, and previous clinical ischemic symptoms 
had improved subjectively. 

Pre-discharge DU scanning was carried out and 
showed a patent graft with a triphasic flow pulse (Fig. 3A). 
The patient made an uncomplicated recovery with 


Annals of Vascular Diseases Vol. 4, No. 4 (201) 


a 


The Management of Persistent Sciatic Artery Aneurysm with Lower Extremity Ischemia: A Case Report 





Fig. 1 Computed tomography angiography of the PSA aneurysm. (A) The 


y 


aneurysmal PSA and stenosis at the distal neck. (B) The anatomy of 


lower extremity arterial system. 


PSA: persistent sciatic artery 





Fig.2 The transplantation of ringed graft within the PSA aneurysm sac. 


PSA: persistent sciatic artery 


improvement of ischemia symptoms. Three months later. 
the patient came back without any related complaints, 
and DU scanning suggested no kinking or restenosis 
(Fig. 3B). One year later, she reported no recurrent symp- 


toms via telephone. 
DISCUSSION 


During early embryonic development, the sciatic ar- 
tery is the axial artery of the lower limb which supplies 
the entire leg. When the femoral artery system develops 
and become dominant, the sciatic artery involutes. But if 
normal development fails, the sciatic artery may persist, 
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instead of regressing supplying the lower extremity. The 
anomaly is rare with the incidence of 0.03%—0.06%, but 
related complications may result in amputation in 8% of 
the cases. The PSA originates from the internal iliac 
artery and runs through the sciatic notch entering the 
adductor magnus along the dorsal aspect of the lower 
extremity. There are two types of PSA recognized: com- 
plete sciatic artery is the continuation of the internal iliac 
artery and turn into popliteal artery in the popliteal fossa: 
an incomplete type is just like the sciatic artery remnants 
acting as the collateral braches connecting the internal 
iliac artery and popliteal artery while a complete femoral 
artery system is the dominant blood supplier. 
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Fig. 3 (A) Pre-discharge DU scanning showed a patent graft with triphsic pulse. (B) The distal 


anastomosis at 3 months after graft interposition, DU showed a patent in-graft flow. 


DU: duplex ultrasound 


The PSA is susceptible to aneurysm formation which is 
probably due to the superficial position in the buttock and 
repeated external trauma.” A PSA aneurysm may result 
in severe complications, including neurologic symptoms 
due to sciatic nerve compression, tenderness in the but- 
tock, ipsilateral lower extremity ischemia and rupture.” 

The treatment for PSA aneurysm depends on the 
anatomy and symptoms presented. Options for interven- 
tion include graft interposition, extra-anatomic bypass, 
embolization and endovascular stent implantation. Open 
surgery for PSA remains controversial and is not recom- 
mended for asymptomatic patients.' +>) The drawback 
is mostly because of the close proximity of the PSA to 
the sciatic nerve, which may contributes to iatrogenic 
adverse outcomes. 

Here, we present a patient who had a complete PSA 
with a hypoplasia femoral artery system. Therefore, 
the PSA should be preserved or aneurysm be excluded 
for extremity blood supply. Coil embolization won't be 


appropriate method for this case. The advantages of 


graft interposition and endovascular stent implantation 
are less invasive operation and shorter procedure time 
compared to bypass surgery. Considering the position 
of the aneurysm and the slim somatotype, we assume 
the endovascular stent may be fractured or distorted and 
thrombosed. As the long-term results were not as sure as 
the open surgery, we at last chose the graft transplanta- 
tion. A ringed ePTFE graft was appointed for the external 
support to increase the graft resistance to compression 
and reduce kinking risk. In addition, the circuitous part 
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of the artery was replaced by the graft and guarantees the 
blood flow. The whole procedure was completed within 
the aneurysm sac to maintain the sciatic nerve intact and 
the patient recovered without any neurologic symptoms. 

As endovascular therapy 1s widely used for PSA man- 
agement,':° ”) open surgery still has its own merits and 


should be taken into consideration in some special cases. 
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Repeat Operation for Pseudoaneurysm of Left Ventricular 
Outflow in a Patient with Concomitant Takayasu’s Arteritis 


and Marfan Syndrome 


Satoshi Yamashiro, MD, PhD, Yukio Kuniyoshi, MD, PhD, Katsuya Arakaki, MD, Takaaki Nagano, MD, 


and Yuya Kise, MD 


We describe concomitant Marfan syndrome and Takayasu’s arteritis complicating a pseudoaneurysm of 
the left ventricular outflow that developed after aortic root reconstruction. A patient was admitted with a 
high fever four months after initial root reconstruction that included valve sparing (reimplantation) as well 
as coronary artery reconstruction using a Carrel’s button technique. Computed tomography revealed a 
pseudoaneurysm at the posterior side of the aortic root. We applied a modified Bentall procedure including 
coronary artery reconstruction using the Piehler technique. Pathological assessment of a specimen of 
the aorta revealed no central medial necrosis, but significant lymphocytic infiltration and thick fibrous 
adventitia indicating Takayasu’s arteritis. This case was unique in terms of having simultaneous Takayasu’s 
arteritis and cardiovascular manifestations of Marfan syndrome that were surgically treated. 


Keywords: chronic inflammation, aorta, stenosis, connective tissue disease 


Too arteritis is chronic inflammation of the 
aorta, its branches, and the pulmonary artery that 
leads to stenosis/occlusion or dilation. Cardiovascular 
complications such as aortic valve regurgitation and 
aneurysmal dilation of the aortic root can be fatal. The 
most serious complication after root reconstruction for 
Takayasu’s arteritis is dehiscence of the anastomotic 
site. ® We describe a patient with Takayasu's arteritis 
associated with Marfan syndrome who underwent valve 
sparing root reconstruction for annulo-aortic ectasia 
with aortic regurgitation, but who required a repeated 
operation to treat a pseudoaneurysm five months later. 
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CASE REPORT 


A 19 year-old man with annulo-aortic ectasia, accom- 
panied by an aneurysm of the ascending aorta and aortic 
arch and Marfan syndrome, had undergone root recon- 
struction and total arch replacement using the elephant 
trunk method. Preoperative computed tomography (CT) 
identified aneurysmal dilation from the Sinus of Valsalva 
to the arch aorta, and stenosis of the left subclavian artery 
(Fig. 1A). Ultrasound echocardiography revealed mild 
aortic valve regurgitation. The initial root reconstruction 
included valve sparing (David ID) and coronary artery. 
reconstruction using a Carrel’s button technique. He had 
also undergone total arch replacement using the elephant 
trunk method with simultaneous reconstruction of the left 
subclavian artery (Fig. 1B). The postoperative course of 
this patient was unusual. A high fever persisted despite 
the absence of an obvious, infectious focus, according to 
pathological and bacterial analyses. The serum concentra- 
tion of C-reactive protein (CRP) remained elevated de- 
spite negative bacterial cultures. Nineteen days after the 
initial operation, a pseudoaneurysm that ruptured in the 
previously cannulated femoral artery was repaired using a 


335 


Yamashiro S, et al. 





Fig. 1 Preoperative and postoperative computed tomography (CT) images. 


A) Preoperative CT image shows aneurysmal dilation from Sinus of Valsalva to arch 


aorta and stenosis of left subclavian artery (arrow). 


B) Postoperative CT image shows good reconstruction of root and arch aorta w ith 


simultaneous reconstruction of left subclavian artery (dotted arrow). 


graft harvested from the opposite femoral artery because 
of a suspected infectious pseudoaneurysm. Pathological 
assessment of a specimen of the right femoral artery 
included pseudoaneurysm revealed lymphocytic, but not 
neutrophilic infiltration. Internal medicine physicians 
suggested the possibility of collagen disease. However, 
he did not have a high fever, although the elevated CRP 


persisted even after repairing the pseudoaneurysm of 


the femoral artery. He was discharged 42 days after the 
operation despite having persistently high CRP values. 
Weekly chest computed tomography (CT) during conser- 
vative follow up imaging revealed no abnormal findings. 

He was re-admitted with a high fever four months 
after the initial operation. Computed tomography at 
re-admission revealed a 2-cm pseudoaneurysm at the 
posterior side of the aortic root (Fig. 2A and 2B), al- 
though CT did not recognize this pseudoaneurysm one 
month previously. The sagittal CT view revealed that 


the pseudoaneurysm originated from the left ventricular 


outflow or coronary button of the left coronary artery 
(Fig. 2C). Stenosis was found at the right femoral artery 
that had been repaired after the initial procedure using 
an allograft, and a pseudoaneurysm at the right axillary 
artery that had been cannulated. The preoperative course 
of this patient was also unusual. Initial laboratory find- 
ings at two months before the first operation indicated 
no inflammatory signs: WBC, 6100/mL; CRP, 0.5 mg/dL. 
However, a high fever persisted for one week without leu- 


kocytosis, but CRP increased to 12.5 mg/dL after cardiac 
catheterization. We then evaluated the patient for collagen 
disease. Because antibiotics rapidly abolished the high 
fever, we investigated its etiology. Negative findings for 
leukocytosis and bacterial cultures ruled out endocarditis 
and infectious pseudoaneurysm. Serum procalcitonin 
was within the normal range. The high CRP level that 
was found before the initial procedure remained elevated 
(5-10 mg/dL) and erythrocyte sedimentation rate (ESR) 
was 105 mm/h. Component C3 and C4 levels were within 
normal limits and autoantibodies were negative. Therefore, 
we administered oral corticosteroid (40 mg/day) to control 
the inflammation. Four days later, the fever subsided, and 
CRP recovered to within normal limits. We gradually 
decreased the corticosteroid to 20 mg/day with refer- 
ence to his CRP and ESR values. We operated on the 
pseudoaneurysm one month after starting corticosteroid 
administration. A laceration of about | cm transverse that 
surrounding thickness hard tissue seems to chronic in- 
flammation was located below the left coronary cusp. We 
applied a modified Bentall procedure, including coronary 
artery reconstruction using the Piehler technique with a 
small prosthetic graft, because a severe connective tissue 
adhesion prevented harvesting of the coronary artery. We 
constructed an original composite graft with translocation 
of a mechanical valve to avoid repeated dehiscence of the 
anastomotic site. The artificial valve was sutured to the 


vascular prosthesis 1 cm from the edge. The composite 
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Fig.2 Computed tomography (CT) images of pseudoaneurysm. 
A and B) Images show pseudcaneurysm at posterior side of aortic root (arrow). 
C) Sagittal CT view shows that pseudoaneurysm originated from left ventricular outflow. 
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Fig. 3 Pathological findings of specimen. 


A and B) Hematoxylin-eosin HE) staining at x 40 and x 100 magnification. respectively. 


Lymphocytic infiltration is significant. 


graft was implanted by suturing the vascular prosthesis 
with only Teflon felt strip to reinforce around the aortic 
annulus. Pathological assessment of a specimen of the 
aorta including annular tissue taken at second proce- 
dure revealed significant lymphocytic infiltration and 
thick, fibrous adventitia but no central media. necrosis 


(Fig. 3). The postoperative course was uneventful under 
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corticosteroid administration. Postoperative CT revealed 
no abnormalities and he was discharged 21 days after 
this procedure. 


DISCUSSION 


Marfan syndrome is an autosomal dominant disorder 


Yamashiro S, et al. 


of connective tissue involving the skeletal, ocular and 
cardiovascular systems”) that is often complicated by 
extended aortic aneurysms. Our patient had been diag- 
nosed with Marfan syndrome at another hospital, and 
this was reconfirmed at the pediatric department of oar 
hospital. His symptoms included typical skeletal sigas 
such as being above average height (180 cm), havirg 
dolichostenomelia (elongated limbs), a thin, narrow face 
and dural ectasia. Moreover, his old twin brother had 
been diagnosed with Marfan syndrome. Therefore, we 
considered that he had annulo-aortic ectasia and an arch 
aneurysm associated with Marfan syndrome. We thus 
performed root reconstruction including valve sparing 
(David I) and standard total arch replacement. Preopera- 
tive CT identified stenosis of the left subclavian artery. 
and we, therefore, considered the underlying collagen 
disease. 

Takayasu’s arteritis is a nonspecific inflammatery 
disorder of unknown etiology, involving the aorta, its 
main branches, and pulmonary arteries, causing arterial 
stenosis/occlusion or dilation. The aortic root and ascend- 
ing aorta are dilated in some patients with Takayasu’s ar- 
teritis.°) In our case, causing of aneurysm was not clearly 
identified to Takayasu’s arteritis or Marfan syndrome, but 
the postoperative arterial events were nevertheless associ- 
ated with active inflammation due to Takayasu’s arteritis. 
Pathological assessment of a specimen of the aorta taken 
at the second procedure revealed no central medial ne- 
crosis, but significant lymphocytic infiltration and thick, 
fibrous adventitia indicating Takayasu’s arteritis.” 

The most serious complications after AVR or root 


reconstruction for Takayasu’s arteritis are dehiscence of 


the anastomotic site and the formation of pseudoaneu- 
rysms.') Ando et al.® reported a 4.6% (3 of 65 patients) 
incidence of prosthetic valve detachment after AVR 
among patients with Takayasu’s arteritis. Shiono et al.” 
reported that the potential risk for anastomotic dehiscence 
is much higher in patients with Takayasu’s arteritis than 


even during the inactive phase of inflammation. Suzuki 
etal.” emphasized the importance of reinforcing sutures 
around the aortic annulus and Carrels button techpique 
for reconstructing the coronary artery. They also recom- 
mended postoperative steroid therapy for active infam- 
mation in patients with Takayasu’s arteritis who have 
undergone several surgical procedures. Some authors 
also recommend perioperative adjunct steroid therapy 


erative course of our patient was unusual. A high fever 
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persisted despite the absence of an obvious, infectious 
focus, and serum CRP remained elevated despite negative 
bacterial cultures. These findings indicated active inflam- 
mation in Takayasu’s arteritis. Pathological assessment 
of a specimen of the aorta taken at initial procedure did 
not reveal specific findings. It might be considered that 
we operated on the patient in chronic and convalescence 
period of Takayasu’s arteritis and Takayasu’s inflamma- 
tion was activated postoperative period. Controlling the 
inflammation with corticosteroid immediately after the 
initial operation might have prevented the postoperative 
complications. We believe that the pseudoaneurysm was 
not caused by a technical procedural error because chest 
CT findings after the first operation were normal, and 
those at one month before re-admission did not recognize 
the pseudoaneurysm. The second postoperative course 
was uneventful when the patient was under corticoste- 
roid administration. We considered that peri-operative 
steroid therapy for active inflammation in patients with 
Takayasu's arteritis who have undergone several surgical 
procedures is important. Matsuura et al.” described that 
active inflammation might be a predictor of pseudoaneu- 
rysm. We administered corticosteroid while monitoring 
the patient’s laboratory data (CRP and ESR). He remains 


on 5 mg/day of oral corticosteroid at 18 months after 


reoperation. 

The translocated Bentall procedure might provide 
an alternative to composite graft detachment.’ ® 7) and 
might be helpful because it allows circumferential fixation 
outside the aortic wall and double fixation at the aortic 
annulus, and prosthetic valves do not apply direct pressure 
to the aortic annulus. Ando et al.® noted that the pressure 
of valve function directly affects the rigid sewing ring 
In patients with AVR, which causes a higher detachment 
rate, We also constructed an original composite graft with 
translocation of a mechanical valve to avoid repeated 
dehiscence of the anastomotic site, 

This patient was unique in terms of having simultane- 
ous Takayasu’s arteritis and cardiovascular manifesta- 
tions of Marfan syndrome that were surgically treated. To 
our knowledge, this is a very rare example of concomitant 
Takayasu’s arteritis and Marfan syndrome complicating a 
pseudoaneurysm after aortic root reconstruction.”) Strict 
follow-up is required to prevent further anastomotic 
dehiscence. 
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A Staged Total Aortic Replacement with Combined 
Endovascular and Open Surgery: Report of a Case 


Manabu Yamasaki, MD, Sunao Watanabe, MD, Kohei Abe, MD, Toshinobu Kazui, MD, 


and Kohei Kawazoe, MD 


For a 75 year-old man with extensive aortic aneurysm, who had undergone a previous infra-renal ab- 
dominal Y-graft, a staged replacement of remaining segments was performed. A hybrid procedure of 
open-laparotomy debranching of visceral branches and endovascular stentgraft insertion in the thora- 
coabdominal aorta was performed first, followed by subsequent direct replacement between the proximal 
ascending and distal arch using cardiopulmenary bypass. Three months thereafter dissection of enlarged 
proximal descending aorta occurred, for which we performed an emergent endovascular stentgraft de- 
ployment which bridged “elephant trunk” of the arch graft and the previous stentgraft. Consequently 
total aortic replacement was successfully accomplished without any neurological sequela. 


Keywords: endovascular surgery, hybrid therapy, dissection 


INTRODUCTION 


W: experience a successful total aortic replacement 
with staged, combined thoracic endovascular 
aneurysm repair (TEVAR) and open-surgery strategy for 
a 75 year-old male patient without adverse neurological 
events, which we think deserves presentation. 


CASE REPORT 


A 75 year-old male who had undergone graft replace- 
ment using Vascutek Gelweave Y-graft for rupture-im- 
pending infrarenal abdominal aorta four years previously: 
He showed no characteristic body composition suggestive 
of Marfan syndrome. Also in the histopatholegical 
specimen of the resected aneurysm wall there was no 
detectable cystic medial necrosis. During postoperative 
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follow-up, enlargement of the ascending aorta as well as 
definite aneurysmal dilatation of arch and thoracoab- 
dominal segments (55 mm and 60 mm in diameter, re- 
spectively) progressively developed (Fig. 1), which neces- 
sitated surgical re-intervention. Considering relatively 
high frequency of postoperative paraplegia/paraparesis 
in direct open replacement,” we chose to perform TEVAR 
in this area in the first stage, and then to carry out open 
direct total arch replacement. 1) Under laparotomy, liga- 
tion of proximal celiac, superior mesenteric, and both 
renal arteries were performed (debranching procedure), 
with concurrent bypass grafting to these vessels with 
cross-shaped composite vascular graft (Gelsoft 10 mm 
(Vascutek Terumo Ltd., Inchinnan, Scotland) and Gore- 
Tex 6 mm graft (W.L.Gore & Associates, Flagstaff, Ariz) 
and saphenous vein graft, which was used for the recon- 
struction of the celiac axis, inflow portion of whcih was 
anastomosed into right common iliac segment of previous 
Y graft (Fig. 1). Weeks later, subsequent TEVAR for the 
aneurysm between the mid-portion of descending tho- 
racic aorta and just above the previous Y-graft, using 
three stentgrafts (two Gore TAG endografts (W.L.Gore 
& Associates, Flagstaff, Ariz)(37 mm x 15 cm and TAG 
34mm x 15 cm), and home-made stentgraft (using a 
noncoated polyester fabric graft( WST graft; Ube, Japan) 
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Fig. 1 A computed tomography (CT) 1 showed three dimensional reconstruction of patient’s complex 


aortic pathology. A CT 2 showed patient’s aorta after visceral debranching surgery. A CT 3 


showed patient’s aorta after endovascular surgery for thoraco-abdominal aortic aneurysm. 


with Gianturco stent (William Cook Europe A/S, Bjae- 
verskov, Denmark)) was performed (Fig. 1). We used a 
homemade stentgraft because the treatment length ofthis 
case was so long that we couldn’t treat with two endo- 
grafts, and the third commercial endograft could not be 
covered by insurance in Japan. The TEVAR procedure, 


combined with debranching of visceral branches under 


laparotomy, can be described as “hybrid” TEVAR. As 
protective measures of the spinal cord, perioperative 
intravenous infusion of naloxone (1 ug/kg/h) and con- 
tinuous drainage of cerebrospinal fluid (CSF) to maintain 
intrathecal pressure not exceeding 10 cm H-O, were 
carried out. Postoperative recovery was smooth without 
any neurological deficit. 2) Six months after hybrid TE- 
VAR, open direct graft replacement of the segment be- 
tween proximal ascending to distal arch aorta. using 
Triplex branched graft (Vascutek Terumo Ltd.. Inchin- 
nan, Scotland), was performed under a mid-sternal inci- 
sion, with the use of cardiopulmonary bypass. Deep 
hypothermic circulatory arrest (23°C) with selective 
antegrade cerebral infusion was used to protect both 
cerebrum and spinal cord. An “elephant trunk” was hung 
down into somewhat enlarged proximal descending aorta. 
Postoperative recovery was uneventful. 3) Three months 
later, he transferred to our hospital by ambulance with 
severe back pain. A CT-scan image showed acute dissec- 
tion of proximal descending aorta associated with cir- 
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cumferential pleural effusion, leading to the diagnosis of 
impending rupture (Fig. 2). An emergent TEVAR pro- 
cedure of this aortic segment, bridging the elephant trunk 
of the arch graft and previous thoracoabdominal stent- 
graft with two Gore TAG endografts (28-mm x 15 cm 
and 34 mm = 20 cm), was performed (Fig. 3). Through 
all these phases, as a result, total aortic replacement was 
accomplished with combined open and TEVAR proce- 
dures successfully, without any neurological adverse 
events. 


DISCUSSION 


Since Dake. et al. first reported about TEVAR for 
descending thoracic aortic aneurysm in 1994,2 growing 
demands as well as achievements of TEVAR have ever 
been expanding in these days. However, there stil] exists 
a controversy regarding application of this less invasive 
procedure for thoracoabdominal aneurysm. And while 
there are series of literature of direct total aortic replace- 
ment since the first successful report by Crawford et al..2) 
there are a few reports of extensive graft replacement 
using the TEVAR technique. For TEVAR of the thora- 
coabdominal aneurysm, we adopted the “hybrid” proce- 
dure, in which open debranching of major visceral 
branches with bypass grafting is combined with TEVAR 
procedure. According to the meta-analytic report of this 
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Fig. 3 








A CT showed three dimensional reconstruction of patient's 
aorta after total aortic replacement from ascending aerta 
to bilateral common iliac artery. 


Fig. 2 A CT showed the impending ruptured 
aorta due to dissection of descending 
thoracic aorta 5 months after the patient 
being performed total arch replacement 


using elephant trunk technique. 


hybrid procedure in various institutes where more than 
ten cases were performed, the result was not excellent 
with the mortality of 15%, paraplegia/paraparesis of 7% 
and renal failure rate of 9.9%.*) However the result was 
still considerably better when compared with the average 
morality of 20% and paraplegia/paraparesis rate of 16% 
in direct open graft replacement of thoracoabdominal 
aneurysms in the United States,” although we realize that 
in high-volume, well experienced institute with expert 


surgeon(s) the result of open surgery can be as excellent 


as with the mortality of 7.3% and paraplegia rate of 


4.6%.>? 

We utilized the hybrid procedure this time for a 
75 year-old patient with extensive aneurysm (Crawford 
type 2 with additional arch aneurysm) who had previous 
abdominal aortic replacement, a clinical setting known 
as most vulnerable to postoperative paraplegia.” 

As regards the visceral bypass grafts, the patency 


ratio has been reported to be good with 98%.*) However 


as the bypass is non-anatomical, the long-term fate of it 
has to be thoroughly followed up. In this setting, experi- 
ences of the use of a fenestrated and branched stentgrafts 
in the TEVAR procedure have been reported, with con- 
siderably good results. Also this technique obviates the 
need of laparotomy, making all the procedure even less 
invasive. This time non-availability and lack of experi- 
ence made us impossible to apply this technique, which 
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may seem promising and advantageous in the near future. 
As the protective measure of spinal cord from ischemia, 
we adopted the combined use of intravenous naloxone 
and continuous CSF drainage,® which seemed effective 
in preventing the occurrence of paraplegia/paraparesis. 

Direct total arch replacement has been a well-estab- 
lished surgical method with low mortality and low stroke 
rate, which in the present case seemed preferable to the 
“open” stentgraft procedure, the latter reportedly with 
unexpected occurrence of postoperative paraplegia.” And 
we were not able to perform TEVAR with debranching 
because the size of ascending aorta was over 42 mm. 

Occurrence of dissection relatively early after the 
TEVAR procedure in the proximal descending aorta 
deserves consideration. We think there may be a stress 
placed on the aortic intima in the area of the “flare” of 
the stentgraft, which could trigger the occurrence of wall 
damage and subsequent dissection. Although unreported, 
we have had a same experience of dissection after stent- 
graft deployment in the distal arch. In both cases emer- 
gency procedures successfully managed the situation (one 
in Open surgery, one—present case—by additional TE- 
VAR). 


CONCLUSION 


By using staged and combined open and TEVAR 
procedures, a successful total aortic replacement could 
be performed with no neurological adverse sequela nor 
any other complication. This less invasive method seems 
especially advantageous in old and compromised patients 
with extensive aneurysmal involvement. 


Annals of Vascular Diseases Vol. 4, No. 4 (2011) 


Hybrid Therapy for Complexed Aorta 


DISCLOSURE STATEMENT 


[ declare that we have no ethnical problem or conflict 
of interest in connection with this paper. 


REFERENCES 


1) Derrow AE, Seeger JM, Dame DA, et al. The outcome 
in the United States after thoracoabdominal aortic 
aneurysm repair, renal artery bypass, and mesenteric 
revascularization, J Vasc Surg 2001; 34: 54-61. 

2) Dake MD, Miller DC, Semba CP, et al. Transluminal 
placement of endovascular stent-grafts for the treat- 
ment of descending thoracic aortic aneurysms. N Engl 
J Med 1994; 331: 1729-34. 

3) Crawford ES, Coselli JS, Svensson LG. et al. Diffuse 
aneurysmal disease (chronic aortic dissection, Marfan, 
and mega aorta syndromes) and multiple aneurysm. 
Treatment by subtotal and total aortic replacement 
emphasizing the elephant trunk operation. Ann Surg 
1990; 211: 521-37, 

4) Chiesa R, Tshomba Y, Melissano G, et al. Is hybrid 
procedure the best treatment option for thoraco-ab- 
dominal aortic aneurysm? Eur J Vase Endovasc Surg 
2009; 38: 26-34. 

5) Coselli JS, LeMaire SA, Miller CC 3rd, et al. Mortal- 
ity and paraplegia after thoracoabdominal aortic an- 
eurysm repair: a risk factor analysis. Ann Thorac Surg 
2000; 69: 409-14. 

6) Acher CW, Wynn MM, Hoch JR, et al. Combined use 
of cerebral spinal fluid drainage and naloxone reduces 
the risk of paraplegia in thoracoabdominal aneurysm 
repair. J Vasc Surg 1994; 19: 236-46; discussion 247- 
8. 

7) Yamada K, Mochizuki T, Tsubota H, et al. Early and 
midterm outcomes of open stent-graft treatment for 
distal aortic arch aneurysm. Gen Thorac Cardiovase 
Surg 2008; 56: 490-7 Epub 2008 Oct 15. 


Ann Vasc Dis Vol.4, No.4; 2011; pp 344-347 


©2011 Annals of Vascular Diseases doi: 10.3400/avd.cr.11.00048 


i a | Sennen” See... 


Emergent Thoracic Endovascular Aortic Repair for 
Acute Type-B Aortic Dissection with Malperfusion 
by Matsui-Kitamura Stent Graft 





Yuji Nishida, MD,’ Hiroshi Ohtake, MD,' Ryuta Kiuchi, M D.! Junichirou Sanada, MD,? Osamu Matsui, MD,” 
and Go Watanabe, MD! 


Acute type-B aortic dissection with malperfusion is a serious cardiovascular condition associated with 
high morbidity and mortality. Recent studies have investigated the efficacy of thoracic endovascular 
aortic repair (TEVAR) as treatment for acute aortic dissection. In this report, we present a case of acute 
type-B aortic dissection complicated with malperfusion, which was successfully treated with emergent 


TEVAR for entry closure by a Matsui-Kitamura stent graft (MKSG). MKSG is a flexible custom-made 
curved stent graft. The main advantages of MKSG for emergent TEVAR include flexibility, shape, and 
small profile when compressed. 
Keywords: TEVAR, malperfusion, Matsui-Kitamura stent graft 
INTRODUCTION for entry closure by Matsui-Kitamura stent graft (MKSQ). 
pproximately 30% of patients with aortic dissection Case REPORT 
develop organ malperfusion, and the prevalence of 
visceral organ malperfusion is closely related with surgi- A 53 year-old man was admitted to our hospital be- 
cal mortality and morbidity, ranging from 50% to 80%.) cause of back pain. He had a history ofa poorly controlled 
Surgical intervention is necessary to improve the chance hypertension with no history of collagen vascular disor- — 
of survival and to reduce the severity of this condition ders. Severe hypertension (185/77 mmHg in the right arm =“ 
among survivors. As compared to open surgical repair, and 156/59 in the left arm) was observed on admission. 
the endovascular repair for emergency thoracic aortic Both the femoral arteries were palpable, and physical 
dissection has a lower mortality rate (31.5% and 12%, examination of the chest and abdomen showed no signs 
respectively).”’ ° In this report, we present a case of acute of visceral ischemia. Laboratory data indicated the eleva- 
Stanford type B thoracic aortic dissection complicated tion of white blood cell count (19770/mm-) and serum 
with malperfusion, which was successfully treated with creatinine (1.62 mg/dL). Contrast enhanced computer 
emergent thoracic endovascular aortic repair (TEVAR) tomography (CT) revealed an acute type-B aortic dissec- 
tion extending from the descending aorta to the right 
Dorien of Coneral and ardomi ar Ranazae . monile artery Tacte Wasa relative severe stenosis 
wa University, Kanazawa, Ishikawa, Japan of the true lumen at the descending thoracic aorta be- 
?Departments of Radiology, Kanazawa University, Kanazawa. cause of the dynamic obstruction caused by the extended 
Ishikawa, Japan or ee . . e aoe tein ae Cae at 
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he had no ischemic complain. Five hours after admission, 
he suddenly developed right leg pain. The laboratory data 
revealed progressive acidosis with pH, 7.310 and elevation 
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Fig. 1 Preoperative enhanced CT (Axial images). 


A: Upper thoracic level. Arrow shows the intimal tear. 


B: Lower thoracic level. Arrow shows a severe stenosis of the true lumen by dynamic 


obstruction. 
C: Upper abdominal level. 


D: Lower abdominal level. Arrow shows the dissection extending to the right common 


iliac artery. 


of serum lactate to 4.6 mmol/L. For this malperfusion of 


lower extremities, emergent TEVAR for an entry closure 
was planned. General anesthesia was administered, and 


the left femoral artery was exposed. By intra-vascular 


ultrasound (IVUS), a guide-wire was introduced to the 
true lumen. Preoperative angiography showed severe 
stenosis of the true lumen and entry of the descending 
thoracic aorta. An MKSG that was 30-mm diameter and 


[15-mm-length curved was delivered through an 18-Fr 


sheath. The deployment was successfully performed, and 
the entry was occluded. To achieve enough proximal 
landing zone, the left subclavian artery was sacrificed 
(Fig. 2). After the operation, there were no ischemic 
symptoms of the cerebral, abdominal organs, bilateral 
legs, or arms. One month after TEVAR, postoperative 


CT showed no migration of the MKSG or progression of 


the thrombosis in the false lumen at the descending tho- 
racic aorta (Fig. 3). 


DISCUSSION 


There is a consensus that medical treatment is better 
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than surgery for uncomplicated acute type B aortic dis- 
section.) The International Registry of Acute Aortic 
Dissection (IRAD) investigators have previously reported 
a hospital mortality rate of 32% for patients treated by 
open surgical repair, 7% for patients managed by TEVAR, 
and 10% for those who underwent conservative medical 
therapy alone.°’ However, patients with acute type B 
aortic dissection complicated by malperfusion or rupture 
constitute a very high-risk subset. Emergency treatment 
options include open surgical thoracic aortic graft re- 
placement, interventional or surgical flap fenestration 
and true lumen stenting, catheter reperfusion or extra- 
anatomic surgical bypass, or TEVAR. 

Minimally invasive approaches such as TEVAR are 
an attractive option for acute type B aortic dissection 
patients; however, severe device-related complications 
can nonetheless occur in these procedures. The complica- 
tions of the endoluminal approach, including a secondary 
intimal tear as a result of the stent wires. retrograde type 
A aortic dissection, endoleaks, late reperfusion of the 
false lumen and arterial injury at the site of access, have 
been occasionally observed. Since these complications 
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Fig. 2 Intraoperative digital subtraction angiography (DSA) images. 
A: Pre-deployment image. There was the entry tear at the distal site of left subclavian 
artery, and the dynamic obstruction of the true lumen. 
B: Post-deployment image of the thoracic aorta. 
C: Post-deployment image of the abdominal aorta. 





Fig. 3. Postoperative CT (Multi planar reconstruction image). 


can occur early or late after TEVAR, stringent follow-up 
imaging is recommended in all patients with additional 
re-interventions as required.® ” In Japan, two commer- 
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cially available devices (GORE®* TAG*, Medtronic TAL- 
ENT®) are commonly used for the follow up of these 
patients. However, these devices are not recommended 
for acute type B dissection patients. The edge of these 
commercially stent grafts is too hard for the fragile intima 
of acute aortic dissection. 

The MKSG isa flexible custom-made stent graft.*) The 
MK stent is made by using super-elastic nitinol wire 
().3—0.4 mm in diameter. The advantage for this ultra- 
flexible stent grafting technique is its ease of delivery 
and the gentleness for the fragile intima. The curved 
configuration of the MKSG accommodated into the 
aortic arch shape which reduced a late deformation or 
migration of the stent graft, thereby preventing the oc- 
currence of an endoleak and minimizing injury to the 
intima. 

The main cause of failure in the use of TEVAR for 
acute dissection is damage to the intima and access route 
caused by the device,” which occurs in 3%—15% of pa- 
tients.!° In general, commercially available stent graft 
repair requires a 20- to 24-F system, but the MKSG with 
< 36 mm diameter were deployed through an 18-F sheath. 
Because 18-F system was induced via the femoral artery 
without arterial cross-clumping, we could set the active 
coagulation time at a maximum of 180 to 200 s and pre- 
vent hemorrhage as much as possible. 

In conclusion, a good result was obtained by using a 
curved MKSG for complicated, acute type-B aortic 
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dissection. The main advantages of MKSG for emergent 
TEVAR include its flexibility, shape memory, and small 
profile compared with commercially available devices. 
Further, we are planning a strict, long term follow-up for 
this patient. 
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Conservative Therapy for Surgically Untreatable Extensive 
Arteriovenous Malformation from the Lower Extremity 
to the Pelvis with Secondary Consumptive Coagulopathy 


Yoshiko Watanabe, MD, PhD, Toru Iwahashi, MD, PhD, Naozumi Saiki. MD. Nobusato Koizumi, MD, PhD, 
Toshiya Nishibe, MD, PhD, and Hitoshi Ogino, MD, PhD 


We present a woman with surgically untreatable extended arteriovenous malformations (AVM) and 
consumptive coagulopathy, which had been controlled by conservative compression and anticoagulation 
therapies for 17 years. At age 13, she was diagnosed with extended AVM in the entire left leg and pelvis. 
At age 16, limited surgical resection of the enlarged superficial vein in the left calf was performed for 
persistent leg pain. One year later, anticoagulation therapy was performed for massive bleeding from 
hemorrhoids due to AVM and coagulopathy. Despite its intractability, her condition has been favorably 


controlled with conservative methods, including compression and anticoagulation therapies. 


Keywords: arteriovenous malformation, vascular malformation, consumptive coagulopathy 


INTRODUCTION 


Re vascular malformations are rare and are 
occasionally associated with chronic coagulopathy 
caused by localized intravascular coagulation (LIC). 
especially in predominantly venous malformations.) ~ 
Not only the prognosis, but also the treatment methods 
for vascular malformations vary according to the par- 
ticular lesions of each patient.) We report a woman with 
extended lesions of arteriovenous malformation (AVM) 
in the entire left lower extremity and the interior of the 
pelvis, associated with serious consumptive coagulopa- 
thy, who has been successfully followed up for 17 years 
with favorable control achieved by conservative methods, 
including compression and anticoagulation therapies. 
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CASE 


A 30 year-old woman, with a thickened left lower 
extremity and enlarged superficial veins, was initially 
diagnosed with hemangioma at the age of 13. She was 
referred to our institution due to exacerbation of her long 
standing leg pain as she grew. No evidence of nevus was 
recognized, and her lower extremities were equal in 
length, but she had chronic anemia caused by bleeding 
from internal hemorrhoids. Intravenous digital subtrac- 
tion angiography (1V-DSA) showed abnormal connec- 
tions between the arteries and veins in her left thigh with 
enlargement of her internal iliac veins. However, she did 
not return to hospital until the age of 16, when she pre- 
sented with recurrence of her leg pain. Her laboratory 
data revealed consumption coagulopathy as follows: 
platelet count, 130 x 10° /ml, serum fibrinogen level, 
125 mg/dl, fibrin degradation products (FDP) 615 mg/dl, 
and D-dimer level, 8.23 ug/dl. Because the lesions in the 
left thigh were too extensive to be treated surgically, 
limited surgical resection ofthe enlarged superficial vein 
in the left calf only was performed to improve her stasis 
pain. In the operative findings, the veins had many 
branches connecting to the subfascial layer in the popli- 
teal region. The pathological findings of the popliteal side 
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AVM with Consumptive Coagulopathy 


Magnetic resonance (MR) venographic image of the pelvis and lower extremities 


a: Pelvis and thighs show a dilated ischiatic vein (bold arrow) and numerous low-flow 


vessels subcutaneously in the external side of the enlarged left thigh and hip. The bilateral 


internal iliac veins, the bilateral external veins, and the IVC are dilated (arrowheads). 


A thin arrow indicates an abnormal vein which branches from the internal iliac veins 


and connects to the SMA. 


b: The lower extremities. The dilated left ischiatic vein was partially obstructed by a 


thrombus (thick arrows). 


of the resected veins showed well-developed smooth 
muscles in the media, which resembled the arterial find- 
ings. The veins also had anastomosing vessels: therefore. 
AV M was subsequently diagnosed. However, her second- 
ary consumption coagulopathy markedly deteriorated 
after surgical intervention, showing a serum fibrinogen 
level of 85 mg/dl and an FDP of 2040 mg/dl. Unfortu- 
nately, her condition was not improved by the administra- 
tion of tranexamic acid. In addition, because her pain due 
to blood stasis in the left leg was slightly improved but 
still remained, we employed conventional compression 
therapy with an elastic bandage. 

At age 17, massive bleeding from the internal hemor- 
rhoids occurred due to the AVM in the pelvis and second- 
ary consumption coagulopathy. She presented in a state 
of shock and was initially given a blood transfusion. We 


then gave her anticoagulation therapy with warfarin for 


the consumption coagulopathy, which had worsened. 
Thereafter, she came regularly to the hospital to receive 
prescriptions until the age of 24. 

After an interval of 2 years. at age 26, she again re- 
turned to hospital, while pregnant and with complaints 
of bleeding from hemorrhoids. Her consumptive coagu- 
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lopathy got worse. Warfarin is teratogenic, and moreover. 
she did not wish to remain pregnant. In addition, it was 
considered that bleeding from hemorrhoids would worsen 
as her pregnancy progressed. Eventually, she elected to 
abort the pregnancy and started taking warfarin again. 
Magnetic resonance imaging (MRI) of the pelvis and the 
lower extremities (Fig. 1) showed numerous vessels be- 
tween the muscles at the posterior of the entire left lower 
extremity. The thickened left ischiatic vein was partially 
obstructed by a thrombus, but the branches of the bilateral 
internal iliac veins could be seen. The lateral external 
aspect along the left thigh from the left hip was enlarged, 
and there were numerous low-fiow vessels subcutaneously 
connecting the left femoral vein and the veins in the 
gluteal muscle and iliopsoas muscle. Neither AVF nor an 
obvious feeding artery was found. She did not have any 
evidence of heart failure, nor did ultrasonic cardiography 
show any signs of right heart strain. 

The superficial varices on her left hip slowly grew. At 
the age of 27, a small stasis ulcer developed on this hip. 
Enhanced computed tomography (CT) showed enlarge- 
ment of the bilateral internal iliac veins and inferior vena 


cava (IVC) (Fig. 2). Enlarged small arteries were 
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Fig. 2. Enhanced computed tomographic (CT) images from the abdomen to 


the pelvis. The patient received 100 mL of iodinated contrast media, 
which was administered intravenously at a rate of 3 mL/sec. Imaging 
was performed 30 sec after the initiation of intravenous contrast material 
administration. (a-e) CT images show an abnormal vein which branched 
from the internal iliac veins and connected to the SMA, and which was 
strongly enhanced in the 2arly phase (thin arrows). The common iliac 
artery and the IVC were dilated (bold arrows). d) The branches of the 
internal iliac vein are dilated. Numerous vessels can be seen in the en- 
larged left-side hip subcutaneously. Although an artery can be seen in 
the left hip (arrowhead), no obvious feeding artery was detected around 


the varices on the left hip. 
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Fig. 3 A photograph of the lower extremities at age 30. The left lower extremity and hip are 


enlarged and deformed. 


recognized around the ascending colon, and the internal 
iliac veins and superior mesenteric vein (SMV) were 
strongly enhanced in the early phase (30 sec after the 
Initiation of intravenous contrast material administra- 
tion), which suggested the presence of AVM. The en- 
larged branch of the right internal iliac vein formed a 
venous arcade around the pancreatic body connected to 
the SMV. The portal vein was also enlarged, although 
the hepatic veins connecting to the IVC were not enlarged. 
No obvious feeding arteries were detected around the 
varices on the left hip. Her laboratory data did not show 
any hepatic dysfunction. Compression therapy by an 
adjusted girdle was increased, and local sclerotherapy 
using 1% polidocanol by direct injection to the varices 
on the hip was performed. Subsequently, the ulcer rapidly 
healed. 

At age 30, MRI showed no remarkable changes in the 


abdomen and pelvis, except for a slight spreading of 


varices on the left hip. Her subsequent course was un- 
eventful, since the condition was favorably controlled 
with local compression and anticoagulation therapies. 
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Her latest laboratory data were as follows: platelet count, 
111 x 10° /ml; serum fibrinogen level, 190 mg/dl; and 
D-dimer level, 2.51 ug/dl (Fig. 3). 


DISCUSSION 


Congenital hemangiomas are vascular tumors in in- 
fants and children that are characterized by a growth 
phase and an involution phase. Arteriovenous fistulas are 
acquired abnormal connections between arterial and 
venous systems, bypassing the normal anatomic capillary 
beds. In contrast, AVM is a congenital abnormal connec- 
tion between arterial and venous systems mediated by 
abnormal capillaries (a nidus). AVMs present at birth 
deteriorate slowly with age.>) 

With regard to surgical treatment, Eifert et al. reported 
that anomalies of the deep vein system occur in almost 
half of venous malformations; phlebectasias occur in over 
one-third of cases, and aplasia/hypoplasia occurs in less 
than 10%.” Excision of the enlarged superficial compen- 
satory varices may be deleterious if there is aplasia or 
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hypoplasia of deep vein system trunks. Consequently, m 
this case, we chose to perform limited surgical excision 
of the superficial varices only on the left calf because the 
deep vein system was patent. 

More invasive treatments might be required for pa- 
tients with vascular malformation if they have uncontroi- 
lable pain, clinically significant heart strain, intractable 
ulcer, functional disorder, or disfigurement. Either com- 
plete resection or occlusion of the nidus is required for 
complete cure of AVM. Imperfect embolization of the 
feeder arteries does not reduce the nidus and exacerbate 
the condition due to the development of collateral vessels. 
Sclerotherapy for venous malformation, if extensive, can 
result in serious deformation, damage or a skin ulcer. 
Therefore, in many cases, the aim of treatment for vas- 
cular malformation is for symptomatic relief rather than 
a cure." Before invasive treatment for vascular malfor- 
mations, detailed imaging diagnostic procedures such as 
catheter angiography are required. Because the symptoms 
of this patient were controlled conservatively, she did not 
need to undergo further invasive examination or interven- 
tion. 

Extensive venous malformations are occasionally as- 
sociated with chronic coagulopathy, which can result in 
confusion with Kasabach-Merritt syndrome. However, 
Kasabach-Merritt syndrome is a congenital hemangioma 
with disseminated intravascular clotting in children and 
is a different condition from vascular malformations wath 
coagulopathy.” In the present case, the lesions developed 
very slowly as the patient grew, and she had no sign of 
right heart strain or mild symptoms of venous stasis, 
therefore, her disease was first considered being AVM 
with a small shunt volume. However, she had extensive 
venous enlargement which developed into serious con- 
sumptive coagulopathy due to a mechanism similar to 
that of venous-predominant vascular malformation. Her 
consumptive coagulopathy showed a normal amount or 
mild decrease in her platelet counts, but there was a de- 
crease in her serum fibrinogen level and an increase in 
her D-dimer level and FDPs, findings characteristic of 
LIC associated with venous malformation. Mazoyer et 
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al. reported that a vitamin K antagonist was ineffective 
and advocated that permanent elastic compression with 
heparin therapy was the only effective treatment for LIC.” 
However, the present patient’s coagulopathy improved 
and has been well controlled by only warfarin therapy 
and compression. Nevertheless, careful follow-up of pos- 
sible stasis complications and coagulation disorder will 
be required for some time in the future. 
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Surgical Treatment for Aortic Coarctation with Chronic 
Type B Dissection: Report of a Case 


Yohsuke Yanase, MD, Nobuyoshi Kawaharada, MD, PhD, Takayuki Hagiwara, MD, Junji Nakazawa, MD, 
Toshiyuki Maeda, MD, Tetsuya Koyanagi, MD, Toshiro Ito, MD, PhD, Yoshihiko Kurimoto, MD, PhD, and 


Tetsuya Higami, MD, PhD 


The aim of this paper is to report a rare case of aortic coarctation with type B aortic dissection. A 37 year- 
old man had sudden, intense back pain. Enhanced computed tomography revealed aortic coarctation 
(CoA) at the proximal descending aorta and acute type B aortic dissection just distal to the CoA. The 
dissecting, descending aortic aneurysm had expanded to a maximal diameter of 52 mm. The aortic co- 
arctation was resected and then the descending aorta was replaced with prosthetic grafts in an unevent- 
ful procedure. Surgical repair resulted in a good outcome. 


Keywords: aortic dissection, aortic coarctation, thoracic aorta 


INTRODUCTION 


AE coarctation (CoA) is usually diagnosed and 
treated in childhood. We describe a rare aortic co- 
arctation with Stanford type B dissection in an adult who 
was surgically treated by an unusual approach. 


Case REPORT 


A 37 year-old man suddenly developed intense back 
pain and rushed to his local hospital where enhanced 
computed tomography (CT) revealed acute type B aortic 
dissection. Stenosis in the proximal descending aorta was 
diagnosed as CoA. He was treated with strict blood pres- 
sure control. However, 2 years later, the dissecting de- 
scending aorta was expanded to a maximal diameter of 
52 mm. He was referred to our department for further 
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evaluation. He had a history of hypertension and had been 
treated with an antihypertensive agent. A physical ex- 
amination revealed the following: body weight, 58.0 kg; 
height, 167 cm; blood pressure, 139/72 and 132/72 mmHg 
in the right and left upper extremities, respectively, and 
104/71 and 98/69 mmHg in the right and left lower ex- 
tremities, respectively. The right and left ankle brachial 
indexes (ABI) were 0.77 and 0.72, respectively, which 
indicated a pressure gradient between the upper and lower 
extremities. The results of blood tests were all within 
normal ranges. Spirography revealed vital capacity, 
4.09 g/L; %VC, 105%; FEV1.0, 3.48 L and FEV1.0%, 85%, 
indicating the absence of a respiratory disorder. Three- 
dimensional computed tomography (3D-CT) showed CoA 
of the proximal descending aorta (Fig. 1). Aortic dissection 
extended from a point just distal to the CoA as far as the 
terminal abdominal aorta. A dissecting aortic aneurysm 
had expanded to a maximal diameter of 52 mm. The 
branching level of the Adamkiewicz artery was right Th10 
segmental artery. The innominate vein crossed the anterior 
side of the distal arch aorta and the dorsal side of the as- 
cending aorta. Since the proximal descending aorta was 
closely located to the first costal bone, we considered that 
the surgical view obtained by posterolateral thoracotomy 
would be insufficient. We decided to approach via a median 
sternotomy and anterolateral thoracotomy with the patient 
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Fig. 1 Preoperative enhanced computed tomography. 
a: Aortic coarctation (black arrow) and Stanford type B aortic dissection. The in- 
nominate vein (dotted arrow) crossed the anterior side of the distal arch aorta and 
the dorsal side of the ascending aorta. 
b: Distal aortic arch is located close to first costal bone (white arrow), which com- 
plicated proximal anastomosis approached via posterolateral thoracotomy. 


in the right half-spine position with an elevated left anm. 
The patient was intubated under general anesthesia wath 
a double lumen tube. At first, the surgical bed was rotated 
45 degrees to the left. In this position, a cardiopulmonary 
bypass was established via the right axillary artery and 
superior vena cava and inferior vena cava cannulated via 
a femoral vein. Then, the surgical bed was rotated to f at, 
and antero-lateral thoracotomy was begun in the fourth 
costal space. The surgical view was sufficient, and the 


aneurysm was easily exposed. While the patient was under 


deep hypothermic, circulatory arrest, we resected the CoA 
and anastomosed a 20-mm prosthetic graft to the proximal 
descending aorta by the open proximal technique. A fen- 


estration was created at the level of Th 9, just distal of 


anastomosis site of the descending aorta, and a 26-mm 
prosthetic graft was anastomosed using the open distal 
technique. The body temperature was recovered, and each 
prosthetic graft was anastomosed. The durations of sur- 
gery, cardiopulmonary bypass, and circulatory arrest were 
495, 156, and 29 minutes, respectively. The patient was 
placed in the intensive care unit. His respiratory status was 
satisfactory, and he was extubated on postoperative day 1. 
Postoperative enhanced CT showed no pseudoaneurysms 
at the anastomosis sites (Fig. 2). The postoperative ABI 
improved to values of 0.98 and 1.03 for the right and left, 
respectively. The postoperative course was uneventful, and 
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he was discharged on postoperative day 26. 
DISCUSSION 


Aortic coarctation is rare in adults and remains asymp- 
tomatic in 69% of such patients.” Aortic coarctation was 
incidentally discovered in our patient during an enhanced 
CT to determine the cause of the sudden back pain. To- 
gether with type A aortic dissection, CoA is often discov- 
ered in Turner syndrome.” Major causes of dissection in 
patients with coarctation are hypertension of the upper 
body and ascending aortic dilatation. However, type B 
aortic dissection with CoA is unlikely because blood pres- 
sure decreases distal to the CoA, and arterial wall tension 
is reduced. Type B aortic dissection usually arises after 
angioplasty, or during post surgical treatment,*) and it 
rarely arises spontaneously. To our knowledge, 9 reports 
were available worldwide.*"'”) An indication for surgery 
for Type B dissection associated with coarctation is not 
unknown. But in our case, the dissecting, aortic aneurysm, 
expanded to over a 50-mm diameter and had grown rapidly. 
So we thought the aneurysm was at risk of rupture. 

The standard approach to CoA is via posterolateral 
thoracotomy at the fourth intercostal space. However, to 
anastomose the proximal descending aorta via postero- 
lateral thoracotomy was difficult in our patient due to the 
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Fig. 2 Postoperative enhanced computed tomography. 
The Picture showed no pseudoaneurysms at 
the anastomosis sites. Descending aorta was 
replaced from distal o? left subclavian artery to 
at the level of Th 9. 


anatomical position of the aorta. We thus selected a 
median full sternotomy with an anterolateral thoracotomy 
(open door). The aortic arch and aneurysm was easily 
exposed using this approach, which has also been applied 
by Milano et al.”) Although this approach offers a good 
view from the aortic arch to the descending aorta, it is 
invasive and can cause respiratory failure.'*) On the other 
hand, Ohata described that a median sternotomy with a 
left anterolateral thoracotomy does not increase postop- 
erative respiratory complications.'4) Our patient was 
smoothly extubated, and respiratory failure did not arise. 
In the anastomosis of the proximal descending aorta, we 
selected the open proximal technique because of the fragil- 
ity of the aortic wall and clumping of the aorta, a risk of 
the new dissection. So we performed open proximal anas- 
tomosis under deep hypothermia with circulatory arrest. 


CONCLUSION 


We surgically treated a rare aortic coarctation with 
Stanford type B aortic dissection in an adult using a 
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median full sternotomy with an anterolateral thoracot- 
omy. The postoperative course was uneventful, and the 
outcome was good. 
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